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Policy Suggestions on Participation in 
International High-Tech Cooperation Presented 


956B0004A Beijing KEJI DAOBAO [SCIENCE 
AND TECHNOLOGY REVIEW] in Chinese 
No 7, Jul 94 pp 32-34 


[Article by Cao Wei [2580 0251], Lecturer, Huaxing High- 
Technology Development Company, Daging Petroleum 
Academy, Anda, and Dr Wang Chen [3769 3819], Tech- 
nology Development Department, Weizhan International 
Corporation, Limited, Zhuhai: “Trends in International 
Cooperation and China’s Policies Regarding Them”)} 


{FBIS Translated Text] High technology, spearheaded by 
microelectronics, is a subject of extensive interest to gov- 
ernments and manufacturers throughout the world. 
Because a country’s high-technology R&D can greatly 
increase its scientific, technological, economic, military, 
and political strength and influence, the international 
competition in high technology has become extremely 
intense. Since the 1980's, the major countries of the world 
have drafted high-technology development programs in 
the hope of gaining the upper hand in the competition. The 
“Strategic Defense Initiative” (or “Star Wars”) that the 
U.S. proposed in 1983, the “Policy Guidelines for Invigo- 
rating Science and Technology” drafted by Japan in 1983, 
the “European Research Coordination Structure” (or 
“Eureka Plan”) developed by the European Community in 
1985, and the “General of Scientific and Tech- 
nical Progress for the Year 2000” signed by the former 
Soviet Union and the Comecon nations in 1985 (the 
“Eastern Eureka Plan”) were plans for the development of 
high technology. In March of 1986, China’s government 
drafted the ““High Technology Research and Development 
(Outline) Plan,” also called the “863 Plan,” to serve as 
China’s strategic program for catching up with the devel- 
oped countries in high technology. 


But in recent years, an entirely new trend has appeared in 
the technology field: large companies in such developed 
western countries as the United States, in Europe and 
Japan, and in certain newly emerging countries and 
regions of Asia have been engaging in cooperation on 
scientific and technological projects. This trend has 
attracted major interest in the international manufacturing 
and S&T communities. 


I. In July 1992, the IBM Corporation of the U.S., the 
Siemens Corporation of Germany, and the Toshiba Cor- 
poration of Japan formally signed an agreement on coop- 
eration in microelectronics technology, which specified 
that the three parties would jointly develop 21 st-century 
semiconductor technology and would produce 256- 
megabit DRAM [dynamic random access memory] chips 
for computers. These large-capacity chips are expected to 
become available in 1998. Each chip will be capable of 
storing 256 million bits of data, equivalent to twice the size 
of the complete works of Shakespeare. This cooperative 
project, which required eight years of negotiation before an 
agreement was reached, involves very large investments: 
just the design and software development for the first 
256-megabit memory chips will cost US$1 billion, and 
each production plant will cost an additional $10 billion. 
This so-called “256-Megabit Project” involves a joint 
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development effort by more than 200 engineering and 
technical personnel from the three companies, to be car- 
ried out at a new semiconductor technology center built by 
IBM in New York. Also in July 1992, the Advanced Micro 
Devices Corporation (AMD) of the U.S. and the Fujitsu 
Corporation of Japan jointly announced a huge coopera- 
tion plan in which they will develop and produce an 
integrated ROM [read-only memory] and display chip. 
The companies will jointly invest US$700 million to build 
new plants and other production facilities, and in addition 
they will buy 5 percent of each other’s stock as cooperation 
guarantees. According to BUSINESS WEEK, Texas Instru- 
ments Corporation of the U.S. has been cooperating with 
Fujitsu of Japan, and Motorola of the U.S. with Toshiba of 
Japan, in the development o° memory chip technology 
since the late 1980s. In the field of new energy sources, 
corporations in the United States and Japan recently have 
been engaging in cooperative R&D work on marine 
thermal energy conversion in Hawaii. This technology 
makes use of the temperature difference between the sea 
surface and sea bottom to generate electricity and in 
addition produces fresh water as a valuable by-product. 


Since the 1980s, enterprises in some newly emerging 
industrial countries and areas of Asia have also begun to 
engage in international technology cooperation. Particu- 
larly noteworthy are companies in Korea and Taiwan. In 
June 1989, Hitachi Corporation, one of Japan’s three 
largest electronics corporations, and the Gold Star Corpo- 
ration of Korea decided to engage in the joint development 
and production of a 1-megabit DRAM chip. This was the 
first instance of high-technology cooperation between 
Korean and foreign manufacturers. Slightly later, the U.S. 
HP company signed a high-technology cooperation agree- 
ment with Samsung of South Korea for the joint develop- 
ment and production of advanced computer workstations. 
BUSINESS WEEK reports that Acer, Taiwan’s largest 
computer manufacturer, has reached an agreement with 
Texas Instruments to develop sophisticated semicon- 
ductor chips. This wi]! make Taiwan ‘the world’s fourth- 
largest supplier of chips, behind Japan, the United States, 
and Korea: its output will exceed that of all electronics 
manufacturers in Europe. 


It is noteworthy that Taiwan corporations have used 
acquisitions of high-technology companies in developed 
countries or the purchase of stock in such companies in 
order to gain badly needed high technology and to place 
their products directly on foreign markets. In 1990 and 
1991, Acer of Taiwan used financing from multiple 
sources to acquire two Silicon Valley high-technology 
companies, Wyse Technologies and Altos Computer Sys- 
tems, for which it paid US$170 million and US$94 mil- 
lion. By this acquisition, Acer gained Altos’s patents for 
advanced UNIX computer networks. International experts 
believe that this represents a breakthrough for Taiwan’s 
computer industry. In addition, Acer also bought the 
Digital Technology Company of Germany and the Qiakale 
[phonetic] Computer Company of Holland in order to gain 
access to the large German and Scandinavian markets. In 
August 1990, the Hualong (5478 7893] Microelectronics 
Corporation of Taiwan paid US$5.3 million to acquire a 
10-percent share in the stock of the Xike [phonetic] 
Technology Company of California. By agreement, Xike 
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will provide Hualong with advanced semiconductor design 
technology. The world microelectronics industry 
has begun to enter a state of global interlocking and 
cooperation. 


II. The trend toward international S&T cooperation is not 
accidental: it is closely related to new characteristics and 
new circumstances of scientific, technological, economic 
and social development. The main reasons for its 
emergence are as follows. 


First, high technology is a new type of technology at the 
cutting edge of S&T development. Because it is sophisti- 
cated, is highly knowledge-intensive and intelligence- 
intensive, and involves difficult research and develop- 
ment, it requires that the best S&T personnel of 
manufacturers, research organizations, and schools and 
academies be focused on cooperative breakthrough efforts 
if it is to succeed. High-technology R&D involves many 
interpenetrating, mutually influencing application tech- 
nologies and technical sciences. For example, the tech- 
nology domain of microelectronics includes semicon- 
ductor physics, integrated circuit fabrication technology, 
new components and materials (high-speed gallium ars- 
enide components, three-dimensional integrated circuits, 
superlattice components and the like), superconductivity 
(Josephson junction memory circuits), laser technology 
(optoelectronic integrated circuits), bioengineering 
(biopolymer chips), computer science, and the like. In 
addition, microelectronics R&D makes use of basic scien- 
tific theory in such fields as solid state physics, quantum 
physics, quantum chemistry, structural chemistry, molec- 
ular biology, modern mathematics, logic, and so on. For 
this reason, high-technology R&D depends on the com- 
bined efforts of S&T personnel from many fields, and no 
single organization is likely to achieve 2 breakthrough by 
itself. Because every country’s scientific and technological 
development has some imbalances, and because all coun- 
tries have their strengths and weaknesses, no one country’s 
manufacturers are likely to be able to bring together 
sufficient domestic high-technology R&D personnel. It is 
clear that international cooperation in high technology is 
an inherent requirement of present-day S&T development. 
According to the 1991 statistics compiled by Dennis 
Simon [inferred from phonetic rendering] of the Fletcher 
Technology and International Relations Center at Tufts 
University, Japan alone has more than 5,000 R&D per- 
sonnel working in the United States. We may forecast that 
as science and technology continue to develop, S&T coop- 
eration between manufacturers in different countries will 
continue to intensify. 


Second, not only is high-technology R&D difficult, but it 
requires large amounts of research funding, and the com- 
mercialization and industrialization of it requires huge 
sums. High-technology R&D therefore involves great risk, 
and companies must be prudent in their policymaking. In 
order to minimize risk, former adversaries in various 
countries have been joining together. As Mr. Weber 
[inferred from phonetic rendering}, head of the Texas 
Instrument chip division, stated, learning how to spread 
risk is essential to survival. Besides, when manufacturers 
in different countries join together, their strength is mul- 
tiplied, which makes it easier to raise venture capital on 
international money markets. 
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Third, commercialization of high-technology results will 
yield huge earnings from vast markets. The desire to turn 
high technology into profits as rapidly as possible and to 
expand their monopoly profits is one of the most impor- 
tant reasons why companies in different countries engage 
in high-technology cooperation. The return on investment 
in high-technology products is astonishingly high com- 
pared with traditional products. If the factory price per 
kilogram of output is taken as one for iron and steel, it is 5 
for automobiles, 50 for color televisions, 1,000 for com- 
puters, and 2,000 for integrated circuits. The market for 
high-technology products is exemplified by the semicon- 
ductor memory market, which is growing steadily. The 
range of applications of intecrated circuits was already 
broad in the early 1980’s, when its breakdown was as 
follows: computers, 32 percent; communications, 14 per- 
cent; office equipment, 5 percent; industrial control, 7 
percent; instrumentation, 6 percent; automotive, 4 per- 
cent; calculators, wristwatches and cameras, 8 percent; 
sound, television, and video recorders, 14 percent; military 
and other applications, 10 percent. The range of applica- 
tions for integrated circuits is still expanding. Huge mar- 
kets such as this will bring immense joint benefits to 
cooperating parties and will not harm any of them. 


The involvement of western companies in cooperation in 
high technology ‘s not necessarily appreciated and sup- 
ported by governments. Actually, it has already caused 
some government officials a certain amount of uneasiness. 
In September 1992, a science committee of the U.S. 
Congress held hv-arings on U.S. semiconductor companies. 
The federal gov-rnment had provided US$500 million to a 
joint high-technology consortium created by domestic 
semiconductor corporations, primarily to increase the 
ability of the U.S. to compete with Japan in integrated 
circuit technoiogy. But now these semiconductor compa- 
nies are encountering strong challenges from multinational 
alliances. Int:rnational observers believe that U.S. legisla- 
tors cannot |ong remain uninvolved. It appears likely thai 
in response /o current international political and economic 
arrangements, in combination with the industrial policies 
and technology development objectives of various coun- 
tries, the governments will exert an indirect or direct 
influence on international cooperation in the high- 
technology sphere. But international cooperation in high 
technology is consistent with the trend toward internation- 
alization of science and technology and globalization and 
unification of the world economy. It is to some extent an 
objective requirement for the development of productive 
forces. The globalization of the world economy is critical 
to the future development of international society. As 
former Singapore President Lee Kuan Yew stated at an 
international economic conference held at Davos in 1990, 
“In today’s world, independence has become.a flood tide, 
and economic growth is increasingly governed bv global 
rather than regional factors.” Clearly, the trend toward 
international cooperation in high technology will become 
stronger rather than weakening. 


Cooperation in high technology allows companies in the 
developed countries to increase greatly their monopolistic 
position in high-technology products. In addition, the 
preliminary intellectual property agreement that, as a 
result of pressure from the United States and other western 
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countries, was adopted in December 1991 at the Uruguay 
Round of the multinational GATT discussions will further 

strengthen this monopoly position (see the article by Zhu 
Xuezhong [2612 7'%5 1813] in No. 1, 1994, of this journal, 
“Characteristics oi ae GATT Intellectual Agree- 
ment and China’s Policy Toward It”). This will create even 
greater difficulty in resolving the long-standing problem of 
north-south relations. To summarize, the trend toward 
international cooperation in high technology will have 
future international political, economic, scientific, techno- 
logical, and social consequences that cannot be ignored 
and that demand close consideration. 


III. China must adopt an appropriate policy toward inter- 
national S&T cooperation in order to make better use of its 
opportunities, to raise its scientific level as rapidly as 
possible, and to increase its economic strength. Self- 
reliance should of course be primary in the development of 
high technology in China, but this does not mean that we 
can neglect international cooperation. Actually, self- 
reliance can enable us to participate in international coop- 
eration and competition, while at the same time, interna- 
tional cooperation can strengthen our capacity for self- 
reliance: the two aspects promote each other. It is clear 
from both theory and experience that it is only by an 
all-round involvement in international scientific, techno- 
logical, and economic cooperation that a country can 
achieve optimized macroscopic a’location and rational 
flow of technological factors 2d production factors, 
obtain optimum economic ;esults, and ultimately 
strengthen its competitiveness on international markets. 
Since reform and opening to the outside were begun, China 
has made great strides in S&T and in economic develop- 
ment, and its overall strength has increased considerably. 
This has created conditions favorable for China’s partici- 
pation in international S&T cooperation. We therefore 
make the following suggestions. 


First, the relevant departments must draft policy measures 
and provide support to manufacturers and the S&T com- 
munity so that they can actively involve themselves in 
high-technology R&D cooperation with the developed 
countries. Vigorous efforts to bring about the commercial- 
ization of results should be made, either by the use of 
foreign and domestic investment funds or by the purchase 
of controlling stock interests by the state. This type of 
cooperation will accelerate China’s high-technology R&D 
and will bring economic benefits rapidly. 


Second, domestic manufacturers with the ability to do so 
should follow the example of Taiwanese companies by 
acquiring foreign high-technology companies or buying 
partial shares or controlling shares in them in order to use 
the developed countries’ advantages in science and tech- 
nology, personnel and markets and to gain high technology 
that China needs. This method produces results rapidly 
and will be of major help in quickly raising China’s level in 
certain areas of science and technology. By means of the 
acquisition method, certain enterprises in Taiwan have 
greatly increased their overall tech ical strength, and 
the results are regarded as highly satisfactory by Taiwan 
manufacturers and managers. As Ben Bean [inferred from 
phonetic rendition] of the Robertson and Stephens invest- 
ment banking corporation in San Francisco stated, “The 
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acquisitions o! companies here (by the Taiwanese) are 
strategic.” Acquisitions not only enable them to directly 
acquire relevant high-technology rvsults or profits and to 
make use of science and technology personnel, but also 
enable them to use existing markets that have been devel- 
oped by the companies they acquire. This point is 
extremely important. For example, when Acer acquired 
Altos, it used Altos’s existing markets (1,500 distributors) 
to double its sales on the U.S. market to more than $250 
million, while increasing its global sales to $1 billion. In 
addition, new computer models that Acer brought out 
were sold under the Altos trade mark. When pursuing an 
acquisition strategy, China should iw general have a strong 
technology company lead the way, with other companies 
or research organizations cooperating by the purchase of 
stock. Some large- and medium-size state-owned enter- 
prises in central and western China have solid technology 
personnel, while the coastal regions (especially the special 
economic zones) opened to the outside rather early and 
have abundant enterprise funds: thus, the two regions 
could make thorovgh use of their respective advantages by 
cooperating in an acquisition strategy. In terms of funding, 
and especially in terms of foreign exchange, the relevant 
departments should institut: preferential measures in 
order to support these acquisitions. 'n addition, strong 
enterprises may consider raising fu..cs on international 
financial markets. When Acer acquired Altos, it applied to 
the Bank of America and to Barclay’s Bank for a temporary 
loan of US$80 million. We can learn a lesson from 
this event. 


In addition, China should make a focused effort to train a 
contingent of senior personnel who understand science 
and technology but are also familiar with operations, 
management, and international practices, in order to meet 
the requirements of international high-technology cooper- 
ation. International high-tech cooperation requires special- 
ized high-technology research personnel, but also appro- 
priate high-level management personnel. International 
high-tech cooperation involves not only technology prob- 
lems, but also problems in such diverse areas as science 
and technology management, technology trade (licensing), 
intellectual property, law, banking, personnel manage- 
ment, international practices, and it is essential that we not 
have a shortage of high-level management personnel. Such 
personnel could be trained by domestic institutions of 
higher education or the enterprises, with the cooperation 
of foreign specialized training companies or schools 
if necessary. 


Finally, the cognizant government departments, manufac- 
turers, scientific research organizations, and institutions of 
higher education should make use of existing overseas 
companies’ or agencies’ advantages in information, per- 
sonnel, and international experience and should 
strengthen their ties with these organizations in order to 
carry on focused tracking of trends among the developed 
countries’ technology manufacturers and in high- 
technology research; this will allow them to take better 
advantage of favorable opportunities and to gain 
rapid entry into the international high-technology 


cooperation arena. 
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Continuous Preparation of YBCO/ Anhui University, and Wen Yiting [2429 0076 3060] of 
en lees tr tae Ba Reactor Open Laboratory of Internal Friction and Solid State 
Defects of the China Science and T: University: 


956B0022A Beijing DIWEN WULI XUEBAO — 
JOURNAL OF LOW-TEMPERATURE P. 
in Chinese Vol 16 No 5, Sep 94 pp 329-332 


[Article by Xie Wenyuan [6200 5030 0337), Yuan Fenchi 
[5913 7685 3069], Cheng Binji [4453 1755 0679}, Chen 
Jiping [7115 4949 1627], Yang Guowen [2799 2429} 
and Cos Bingsin [128 521] of Changsha Research Insti- 
tute of Mining and er. Sen a ae 
tinuous Preparation of YBCO/Ag Superconducting Tapes 

by New MOCVD Reactor”; funded by the National Super- 
conducting Technology Combined Development Center; 
MS received 10 Apr 94] 

[FBIS Abstract] A new MOCVD reactor with heated 
quartz wall is designed to prepare YBCO/Ag supercon- 
ducting tapes. The reaction gases Y(TMHD),, 
Ba(TMHD)., and Cu(TMHD), are heated and vaporized 
at 130°C, 2 5°C, and 126°C respectively. These gases and 
oxygen are mixed in a mixing compartment and then 
introduced to the precipitation chamber, whose quartz 
wall is heated to between 844°C and 855°C. The gases 
react, form YBCO, and precipitate on a silver substrate 
strip (1.6mm wide, and 0.3mm thick). The experiments 
are conducted in such a way so that YBCO can precipitate 
either on a stationary silver strip for 11 minutes, or on a 
silver strip moving at a speed of 15cm per hour. During 
precipitation, the chamber pressure is maintained at 
0.67KPa. Then each specimen, the YBCO/Ag tape, is 
cooled at 14°C per minute to room temperature in an 
oxygen atmosphere with 101.3kP pressure. 


The products are analyzed with XRD, SEM and EDS. The 
I, (78K,OT) values of the YBCO/Ag tape products are 

measured with the four-point-probe method. The J. of the 
tape (film thickness 0.8 * = 349mA) prepared by the 
static method is 2.2 x | A/cm? , and the J. of the tape (film 
thickness 0.8m; /. = 223mA) prepared by the static 
method is —2 10*A/cm? (78K, OT). The transition 
temperature (7.) of the tape by the static method is 88K. 


SEM photo shows that the static tape displays a bright and 
dense surface with no apparent gaps and impurities. How- 
ever, the crystals of lum to ꝛum still arrange disorderedly. 
argu ep ene SSamnea 
among the crystals and very disordered arrangement. 
EDS analysis reveals that the ratios of Y:Ba:Cu are 
1:2.3:3.1 and 1:2.4:3.2 respectively for the static sample 
and the moving sample. 


Four figures, no table. 
References 5: 2 English, 3 Chinese. 


Internal Losses in Nanoscale Al,O, Solids 
956B0022B Beijing KEXUE TONGBAO [CHINESE 
SCIENCE BU. in Chinese Vol 39 No 17, 
1-15 Sep 94 pp 1554-1556 


[Article by Xie Cunyi [6200 1317 30151, and Zhang Lide 
{1728 4539 —2 of Institute of Solid State Physics of 


Chinese Academy of Sciences, Hefei, 230031, and He Min 
[0149 2404}, student of 93 class of Material Department of 


“Internal Friction in Nanoscale A1,O, Solid”; Funded by 
the National Climbing Plan; MS received 27 Jul 93, 
revised 23 Apr 94] 


{FBIS Abstract] The nanoscale Al,O, test specimens 
(80mm x 4.5mm x 3mm) are pressed at 0.3GPa from 
powders made by the gel method. The specimens are 
annealed respectively at 700°C, 940°C, 1100°C, and 
1180°C, for five hours. The heat treatments cause the 
transitions of Al,O, from boehmite (as prepared spec- 
imen) to n-Al,O,+bochmite, to y-Al,0,+1-Al,0,, to aty- 
Al,0, and to a-Al,O0,(corundum), respectively. These 
specimens and the non-treated specimen are tested for 
their internal friction and moduli, in a temper- 
ature range from - -200°C to 50°C by the free-decaying sonic 
frequency method. Their moduli (bending mode) are mea- 
sured by the resonance frequencies. The measuring proce- 
dure consists of a temperature lowering process (from 
room temperature to -200°C) and subsequently a temper- 
ature raising process (from -200°C to room temperature). 
The temperature changing rate is 1.5°C per minute. 


The phase analysis is conducted with an X-ray diffracto- 
meter, and their particle sizes are determined with a 
transmission electron microscope. 


The “internal friction vs. temperature” curves of the room 
temperature specimen as well as the specimens treated 
respectively at 700°C, and 940°C display two internal 
frequency peaks, P, and P,. P, belongs to the relaxation 
type with an activation energy of 0.087eV. The formation 
of P, is caused by the oxygen vacancies existing in the solid 
interfaces among the n-phase nanoscale Al,O, particles. 
Both P, and P, when the specimen (specimen 
treated at 1100°C, or 1180°C) does not contain 7-phase. 


The activation energy of the P, peak is calculated as H = 
0.087eV, while t, = 1.2 x 10S". 


The mechanism of P, formation (which occurs only near 
room temperature during temperature rising) needs 
further studying. 


Three figures, one table. 
References 5: 4 English, 1 Chinese. 


Nanocrystalline Cu-Ni-Sa-P Alloy Prepared by 
Amorphous Crystallization 


956B0022C Beijing KEXUE TONGBAO [CHINESE 
SCIENCE BULLETIN] in Chinese Vol 39 No 17, 
1-15 Sep 94 pp 1581-1583 


[Article by Zhao Jianping [6392 1696 1627], Li Jiangong 
eat fe 1696 a nn [3769 1131 3046) of 
Science Department of Lanzhou University, Lan- 
how. 730000, and Cao Guixun [2580 6016 1789] of 
Provincial Analysis and Test Center of Gansu, Lanzhou 
730000: “Nanocrystalline Cu-Ni-Sn-P Alloy Prepared by 
Amorphous Crystallization”; Funded by National Natural 
Science Foundation; MS received 13 Nov 93] 


[FBIS Abstract] Nanocrystalline Cu-Ni-Sn-P alloy is pre- 
pared by annealing amorphous strips (254m _ thick, and 
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20mm wide) composed of (in percent) 9.6Ni, 4.1Sn, 7.6P, 
and Cu-balance. DTA study shows that the material has 
two exothermic peaks at 7, = 439K (reaction: Amorphous 
— a-Cu + Cu,P) and 7, = 543K (reaction: Amorphous — 
Ni,P), respectively. The crystal parameters are: a-Cu (fcc, 
a = 0.3165nm), Cu,P (hexagonal, a = 0.6969nm, c = 
0.7143nm), and Ni,P (hexagonal, a = 0.5846nm, c = 
0.3372nm). The XRD spectra, and the TEM electron 
diffraction patterns prove that these three crystal phases 
exist in the nanocrystalline alloy tapes. The TEM observa- 
tions and XRD calculations show the same crystal size 
results: the averaged crystal size is 20nm, ranging from 10 
to 25nm. The element Sn does not appear in either 
analysis. It is possible that Sn forms solid solution with 
Cu, or exists on the crystal boundaries as solute-doped 
boundaries. 


According to Lu Ke, et al., the amorphous alloy contains 
both short-range order and mid-range order structures. It is 
composed of randomly oriented atom clusters of different 
sizes as well as atoms. During ion, in 
addition to the n of single atoms (the classical 
crystallization oe the consolidations of the atom 
clusters due to shear or precipitation also result in nucle- 
ations and growths. The amorphous Cu-Ni-Sn-P alloy in 
this investigation also contains the randomly oriented Cu- 
Cu, Cu-P, and Ni-P atomic clusters. The nucleation and 
growth of a-Cu crystal results from the shear and precipita- 
tion of the Cu-Cu clusters. As soon as Cu-P clusters 
encounter the a-Cu phase, the growth of the Cu,P phase will 
inhibit the growth of the a-Cu mae. The orientations of all 
the ordered clusters are random, therefore, the orientations 
of the formed crystals are also random. 


Three figures, no table. 
References 5: 4 English, 1 Chinese. 


Formation of Fe-Sn, Cu-Sn Nanoscale 
High-Temperature Phases via Mechanical Drive 


956B0022D Beijing KEXUE TONGBAO [CHINESE 
SCIENCE BULLETIN] in Chinese Vol 39 No 17, 
1-15 Sep 94 pp 1626-1628 


[Article by Yang Yuanzheng [2799 0337 2398] of Second 
Department of Mechanical Engineering of Huanan Sci- 
ence and Technology University, Guangzhou, 510641, and 
Institute of Metals, Chinese Academy of Sciences, Shen- 
yang, 110015, Ma Xueming [7456 1311 boon} and Dong 
Yuanda [5516 6678 6671] of Department of Material 
Science and Engineering of Shanghai Univer- 
sity, Shanghai, 200072, and Zhuang Yuzhi 18869 5148 
2535] of Institute of Metals, Chinese Academy of Sciences, 
Shenyang, 110015: “Formation of Fe-Sn, Cu-Sn Nanos- 
cale High-Temperature Phases via Mechanical Drive”; MS 
received 15 Dec 93, revised 9 Apr 94] 


[FBIS Abstract] The nanoscale alloy powders with the 
composition of Fe-Sn, and Cu-Sn respectively are prepared 
by the mechanical alloying method—ball milling. The 
elementary Fe, Cu and Sn powders have averaged powder 
size of 75m with purity greater than 99 percent. The 
weight ratio of balls to powders is 10 to 1. The final 
products are examined by X-ray diffraction analysis 
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(XDA), transmission electron microscope (TEM), and 
differential thermal analysis (DTA). 


XDA shows that the milled specimen CuggSnjq is a solid 
solution, with particle size of 23nm. Specimen Cu Snip 
displays ¢-phase; and Cu, Sn.o, n-phase. Both e-phase and 
t-phase are high temperature phases. Two exothermic 
peaks and one endothermic peak appear in the DTA curve 
of each specimen. The first peak indicates the internal 
stress relaxation; and the second peak, the precipitation of 
some atoms and the grain growth. The endothermic peaks 
in the CuggSnjo alloy and in the CusoSnso alloy indicate 
respectively the melting of Sn in the mixture and the 
transformation of n-phase (740K). That the endothermic 
peak in Cu79Sny9 does not appear indicates the transfor- 
mation temperature of e-phase should be about 950K. 


XDA shows that the milled Fe-Sn specimens have an 
averaged particle size of 16nm after 120 hours of milling. 
When the Sn content is below 40 atomic percent, Sn and 
Fe form a solid solution. The intermetallic compounds 
Fe, ,Sn and FeSn, exist in the Fe, Sn,, alloy. The 
DTA curves of the Fe-Sn alloy are similar to those of the 
Cu-Sn alloy. 


Four figures, no table. 
References: 10 English. 


STM Study of wy-— 
—— Sh By Surface ie began by 


956B0022E Beijing KEXUE TONGBAO [CHINESE 
SCIENCE BULLETIN] in Chinese Vol 39 No 18, 
16-30 Sep 94 pp 1662-1664 


[Article by Feng Songlin [7458 2646 2651] and Ren Mingin 
[0117 7044 4440] of Institute of High Energy Physics, 
Chinese Academy of Sciences, Beijing, 100080, and Liu Tao 
[0491 3447], Xu Zuxiong 11776 4371 7160], and Ma 
Ruzhang [7456 1172 3864] of Department of Physics, 
Beijing University of Science and Technology, Beijing, 
100080: ‘‘STM Study of Nanocrystalline 
Fe,, ;Cu,Nb,Si,; 5B, Surface Prepared by Amorphous 
Crystallization”; Funded by the Technology Open Labora- 
tory of the Chinese Academy of Sciences and Doctorate 
Special Topics Science Research Foundation of the State 
oe ay Commission; MS received 12 Jan 94, revised 28 
Apr 


[FBIS Abstract] Amorphous Fe,, ;Cu,Nb,Si,,; ;B, alloy 
tape with a width of 10mm and a thickness of 40um is 
prepared by the single-roll rapid solidification method. 
The tape is then heat-treated at 556°C for one hour in a 
high purity hydrogen protecting atmosphere, and subse- 
quently etched with argon ions to remove the residual 
surface oxide. The specimen is examined with a scanning 
tunnel electron microscope (STM) with the following 
parameters: tunnel current, 0.5nA; sampling point, 20 x 
20; scanning cycles, 0.7s and 0.4s for the scanning areas of 
300nm x 300nm and 30nm x 30nm, respectively. 


The observation is conducted on the bright side (th« roll 
side) of each specimen. The amorphous specimen shows 
an uneven surface and cavities probably due to solidifica- 
tion or the trapped gas carried by the chilling roll. The 
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that scales are much larger than the internal crystals (10nm 
to 20nm) indicates that the crystallization mechanism on 
the surface alloy is quite different from that of the core 
alloy of the tape. This phenomenon can be explained as 
— ee 
and when the interior nuclei grow to the nanoscale size, the 
crystals in the two-dimensional area already 
reach fairly large sizes. F Cu promotes the 
nucleation of a-Fe({Si) solid solution on the 

matrix within the tape, yet the segregation of Nb on the 


grain boundary inhibits the grain growth. Consequently, 
—— fay ee yt 


large annealing temperature range (about 500°C to 600°C). 
When the small scanning area is in the atomic scale, STM 


Three figures (two STM photos in each figure), no table. 
References 15: 11 English, 4 Chinese. 


Microstructures of Crystallites in Nanocrystalline 
Ni-P Alloys 

956B0022F Beijing JINSHU XUEBAO [ACTA 
METALLURGICA SINICA] in Chinese Vol 30 No 9, 
Sep 94 pp B413-B419 


[Article by Sui Manling [7131 2581 7881], Liaison person 
of Department of Material Science and Engineering of 


for Rapid Solidification and Non quilibeum 


; Special 
of Chinese Acedemy of Sciences MS teocived 13 lan 94} 


(FBIS Abstract) Nanocrystalline tapes with the composi- 
tion of NigoP.. (atomic percent), y a4 of 2.3mm 
wide and 2 m thick are made from amorphous tapes of 
the same composition. The ine alloy contains 
: Ni solid solution (fcc structure) and Ni,P 
(bct structure). Eight speci- 

ranging 


i 
iH 


on the microstructure are studied with an X-ray spectrom- 
eter * a high resolution transmission electron 
The investigation obtains the following results: 


sizes of both the Ni-P solid solution crystals and 
the NU,P exyetnle increase with the ineverss of te 
annealing temperature. The orientations of the two 
crystal types are fixed, in spite of the different treat- 
ment processes. The two phases exist alternatively. 
The arrangements are random and dense without 
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defects such as micro-void. The averaged linear size of 


Ni is about 1.63 times of that of Ni,P. 


(2) The P contents in the nanocrystalline Ni solid solu- 
tions are 10 to 15 times higher than the P contents in 

(3) The Ni,P lattices in the nanocrystalline material are 
distorted with the reduction of the grain size. The 
reduction of the grain size increases the lattice param- 
eter a, and decreases the parameter c. The volume of 
the space lattice increases with the decrease of the 
crystals grain size. 


An analysis based on the thermodynamic theory concludes 


References 13: 12 English, 1 Chinese. 
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95P60098A Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 13 Dec 94 p 1 


[Article by Yuan Xiaoyang] 


IS Summary] Scientists at the State Semiconductor 
Research Center of the Beijing 
General Institute of Nonferrous Metals have developed 
3-inch-diameter (76-mm), 5-kg horizontal silicon-doped 
eee eee Se. This type of crystal, 
developed with advanced techniques such as multiple 
temperature zones and computer automated control, is a 
key material used in optoelectronic devices 
such as semiconductor lasers, infrared detectors, and solar 
cells for space power supplies. Previously, only the U.S. 
and Japan had been able to manufacture 3-inch large GaAs 
single crystals. 


Formation and Elimination of Cores in Bi,,SiO,, 
Crystals 


40100017A Beijing GUISUANYAN XUEBAO [JOURNAL 
OF THE CHINESE CERAMIC SOCIETY] in Chinese 
Vol 22 No 6, Dec 94 pp 579-585 


by Xu Xuewu, Liao Jingying, et al. of the Shanghai 
we ty, bey Ceramics, Chinese Academy of Sciences; (MS 


received 24 Apr 93)] 
[FBIS Abstract] The BSO 35mm in diameter, 
pulled along <001>, <110>, <111> and <112> axes 


were dissected. The 


shown that the cores in the BSO crystals grown along 
<001> and <110> axes can be eliminated by selecting a 

sate which mutes tho intstens ave int 
or concave, and that the darkened facet-cores can be 
effectively avoided by choosing <111> and <112> 
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Defect and Growth of Facets in Bismuth 
Germanate Crystal 


40100017B Beijing GUISUANYAN XUEBAO 
[JOURNAL OF THE CHINESE CERAMIC 
SOCIETY] in Chinese Vol 22 No 6, 

Dec 94 pp 586-591 


[Article by Liao Jingying of the Shanghai Institute of 
Ceramics, Chinese Academy of Sciences and Bonnema P. 
de Boor RC of the RIM Laboratory of Solid State Chem- 
istry, University of Nijmegen, The Netherlands; (MS 
received 30 Aug 93)] 
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[FBIS Abstract] The defects of bismuth germanate crystal 
grown by Bridgman method were investigated. The optical 
characterization methods were used in the study of the 
defects of transparent crystal in visible light and the near 
UV absorption topography method is used in the study of 
the defects and relationship between defect and growth 
facets because scintillant BGO crystals, when suffering 
radiation damage, have a high absorption coefficient for 
light of short wavelength. On the basis of the crystal habit 
and the mechanism of growth facet of BGO, finally ways of 
reducing or eliminating the growth of crystal facets and 
defects are suggested. 
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Twin-Star GPS Project Sees Further Advances 


95P60097A Beijing BEIJING KEJI BAO [BEIJING 
SCIENCE AND TECHNOLOGY NEWS} in Chinese 
17 Dec 94 pl 


[Article by Yu Zaozao] 


FBIS Summary] “Real-time correlating receiving equi 

ment” designed for China’s “Twin Star” Satellite Global 
Positioning System (GPS) has been certified by an expert 
group as being at the international state-of-the-art. This 
key piece of equipment, jointly developed by the Chinese 
yA mn of Space T: *s (CAST) Institute 503 and 
the te es [7022 1496} Surface Wave Company, uses 
256-bit surface acoustic wave (SAW) devices to implement 
1023-bit non-repeating pseudo-code intermediate- 
frequency (IF) correlation storage technology and video 
storage technology. IF and video processing gain are 36 dB. 


Domestically Made TM Format Synchronizer, 
Rapid Viewing System Developed 

95P60097B Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 19 Dec 94 p 1 


[Article by Huang Anwen] 


[FBIS Summary] On 8 December in a laboratory at the 
CAS Remote Sensing Satellite Ground Station, an inde- 
pendently developed instrument and an imported instru- 
ment simultaneously processed remote sensing satellite 
data. The former produced clear images with distinct 
stratification, while the latter produced fuzzy images with 
unclear stratification. This instrument, called a TM [the- 
matic — format synchronizer and rapid viewing 
system, now formally certified, can process data from 
complex TM compound frame structures. The instru- 
ment’s reliability, anti-jamming capability and synchroni- 
zation ability are stronger than those of the comparable 
foreign-made product. Only a few advanced nations such 
as the U.S., Japan, France, and Canada have hitherto been 
able to manufacture a format synchronizer, the CAS 
Remote Sensing Satellite Ground Station researchers were 
able to develop this equipment in an Eighth FYP Key S&T 
project beginning in March 1993. 


oe ene 


95P60097C Beijing JISUANJI SHIJIE [CHINA 
COMPUTERWORLD} in Chinese No 49, 21 Dec 94 p 2 


[Article by Jin Hongfu] 


[FBIS Summary] The “spacecraft external tracking overall 
design expert system (STDES)” recently developed by the 
Luoyang Institute of Tracking and Communications Tech- 
nology has been formally certified. The development of 
this expert system signifies the first time that artificial 
intelligence (Al) technology has been applied domestical- 
lyto the overall design of spacecraft tracking and control 
systems. STDES includes a knowledge base, database, 
a library, inference engine, and human-machine 
interface. 
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Description of the SJ-4 Satellite 


956B0046A Beijing ZHONGGUO HANGTIAN 
[AEROSPACE CHINA] in Chinese No 11, 
Nov 94 pp 13-15 


[Article by Hu Qizheng [5170 0366 2973], Chen Xiannan 
[7115 9475 2809}} 


[FBIS Translated Text] Abstract: In February 1994, the 
Chinese scientific satellite SJ-4 was launched into a geo- 
synchronous transfer orbit by the LM-3A launch vehicle 
from the Xichang launch site. This 400-kg, spin-stabilized 
satellite was designed and built by the Chinese Academy of 
Space Technology within a period of two years. The 
satellite carries 6 instruments used for charged-particle 
measurements and radiation-effect experiments. Since its. 
injection into orbit, the SJ-4 has been operating normally 
and transmitting engineering data and experimental data 
back to earth via the UFH link. The current operating 
status of the satellite and experimental results are pre- 
sented in this paper. 
The main mission of the SJ-4 satellite is to explore the 
measure- 


valuable first-hand information for designing long-life, 
high-reliability space vehicles. The SJ-4 can also be used to 
perform on-orbit tests of new technologies and new com- 
ponents that may be used on the next-generation satellites. 
In addition, it a an opportunity for exploring 
different approaches of designing small satellites. 


On 8 February of this year at the Xichang launch site, the 
first test flight of the LM-3A provided an cpportunity to 
launch the SJ-4 into a highly elliptica! orbit with a perigee 
of 203 km, an apogee of 36,000 km, an inclination of 28.6", 
and a period of 10 hours 40 minutes. Since its injection 
into this orbit, the SJ-4 has collected a large amount of data 
on the space environment as well as test data on new 
technologies. 


I. The Satellite Segment 
This 400-kg satellite has a cylindrical shape with a diam- 


— — — 


panels are installed over the cylindrical surface as well as 
the top and bottom surfaces. The conical surface at the 
bottom of the satellite is connected to the launch vehicle. 
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2. The attitude control subsystem —* a. 2 the ———— oy a highly 

. ; we ‘ elliptical orbit can more than 2 hours, properly 
The satellite uses a spin-stabilized attitude cone systemtO — selecting the SJ-4’s launch window, it is possible to keep 
meet its mission requirements. As part of the launch the satellite's eclipse duration to less than 60 minutes over 


sequence, satellite spin is 2 initiated once it is 
separated from the launch vehicle injected into orbit. 
The satellite is equipped with analog sun sensors and 
two-axis ic field-strength meters to measure the 
satellite position relative to the sun vector and the geomag- 
netic field vector, this information is used to determine the 
satellite attitude in inertial space and to establish a reference 
measurement frame. The system also provides such infor- 
mation as the solar incident angle, the spin velocity and the 
nutational motion of the satellite. In addition, the magnetic 
field-strength meter can be used to perform on-orbit mea- 
surement of residual magnetism of the satellite. 





Figure 1. Final Assembly of the SJ-4 Satellite 





3. The power supply subsystem 


Located on the satellite surface is a solar array containing 
more than 10,000 pieces of reflecting type solar cells which 
have a 12 percent energy conversion efficiency. The power 
supply subsystem includes the solar array and a group of 
15 amp-hour cadmium-nickel batteries. In the sun-lit 
region power is supplied directly to the load by the solar 
array via a multi-stage split-current voltage ator; the 
power is also used to charge the batteries. During the 
eclipse period, power is provided by the batteries via a 


a 6-month period; the corresponding depth of discharge of 
the batteries is 25 percent. The bus-bar power provided by 
the power supply subsystem is 65 watts, and the bus-bar 
voltage is 27 volts; other voltages needed to operate 
the instruments are provided by the secondary power 
transformer. 


4. The thermal control subsystem 


The fact that the SJ-4 has little internal heat source and is 
ex to fluctuations in external heat flux due to its 
spin-stabilization and the highly elliptical orbit makes it 
very difficult to design the thermal control system. Based 
on the results of thermal analysis and thermal equilibrium 
tests, we have designed a system which uses primarily 
passive thermal control supplemented by auxiliary active 
thermal control. Specifically, to achieve thermal equilib- 
rium, the exterior surface is mostly covered with materials 
with high absorptivity-to-transmissivity ratio (a,/e) and 
low transmissivity (e); the interior surface is covered with 
multiple layers of insulation materials in order to reduce 
heat dissipation and to minimize fluctuations in cabin 
texuperatures due to changes in the sun angle and in the 
eclipse duration. 


5. The telemetry, control and tracking subsystem 


A UHF telemetry and control system is used to perform 
satellite tracking, orbit determination, remote control and 
telemetry. A ground-based telemetry and control network 
performs the functions of real-time and delayed remote 
control, and data loading. A 1-watt telemetry transmitter is 
used to transmit engineering data and measured environ- 
mental data back to earth. During the orbit segment when 
the satellite is not visible to the ground station, the data is 
temporarily stored in the on-board buffer; when the satel- 
lite passes over the ground station, it is then transmitted to 
the ground via delayed telemetry. In order to increase the 
operating range, a double-helix antenna has been designed 
to provide sufficiently high gain (=0 dBi) within a 60° 
beamwidth in the meridian plane. 


6. The payload 


The payload of SJ-4 includes 6 detectors: the proton 
detector, the electron detector, the plasma detector, the 
electric potential monitoring unit, the static detector of 
single-particle event and the dynamic detector of single- 
particle event. These instruments are used to detect elec- 
trons, protons and heavy ions in space; they cover a very 
wide energy spectrum ranging from plasmas whose energy 
level is of the order of tens of electron-volts to cosmic rays 
whose ** level may be several hundred million elec- 
tron-volts. They can also detect various charged particles 
in the ionized regions, and measure the effect these 
charged particles have on the spacecraft. 
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Figure 2. Electrical Measurements Being Performed on the SJ-4 Satellite 












Il. The Development Process 
In December 1991, a decision was made to build the SJ-4; 


the goal was to develop the satellite in less than 2 
with limited funds. The satellite segment was to be 4* 
oped by the Beijing Space Vehicle Design Department of 
the Chinese Academy of Technology, and the pay- 
load was to be by the Space Center of the 
Chinese Academy of 

Once the decision was handed — the Space Vehicle 
Design Department immediately formed a research team 
to begin full-scale t of the satellite. Working 
under both time and constraints, the designers 
carefully reviewed and the development process, 
and implemented simplified procedures and stages wher- 
ever possible. Specifically, the tional =< satel- 
lite development was roe oe 
approach; as a result, t was signifi- 
cantly shortened without sacrificing quality. 


The entire development process of this satellite took approx- 
eae: ee De ee Se ee 
ey 2 and production, final assembly and 

ical measurement, full-scale udes 


xing, ermal vcu 


oe eee Seen 6 oe SS eee SS 


ee lecnant Genta a tobias Can 
t in China’s existing satel- 
achievemen 


lites, as well as to the new technological ts from 
satellites currently development. Such an approach 
improves the and reduces the t time 
and cost of the SJ-4 satellite; it allows mem of the 


the Beijing Space Vehicle Design Department in building 
China’s 26 satellites. 


Ill. Current Status of the SJ-4 Satellite 
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The flight test of hydrogen-nickel batteries is one of the 
new-technology tests conducted on this satellite. Hydro- 
gen-nickel batteries have attracted world-wide attention 
because they are light-weight, and have deep depth- 
of-discharge and long life. After rigorous simulation tests 
and environmental tests on the ground, the hy - 
nickel developed by the Ministry of Electronics are flight 
tested for the first time on the SJ-4 satellite. Prior to 
launch, the batteries are com — discharged; they 
remain inactive until 50 days after orbit —- when 
they are brought on-line with the solar array to form the 
primary power supply system for the entire satellite. After 
several months of operation, the batteries have been sub- 
ject to eclipse conditions lasting almost 60 minutes as well 
as full-sun conditions. The test results show that the 
voltage, current and temperature measurements under 
both charging and discharging conditions all agree with 
design specifications; also, a test has been conducted where 
charging of the batteries is controlled by a selectable V-T 
curve. ntly, the system continues to opera- 
tional tests. The preliminary flight test results will play an 
important role in promoting the use of hydrogen-nickel 
batteries on new space vehicles. 


All the charged-particle detectors and environmental effect 
test equipment also functioned normally. The electron, 
proton and plasma detectors have provided large amount 
of data on the energy spectrum and spatial distribution of 
high-energy and low-en electrons and protons. The 
electric potential monitoring unit has recorded a 2000-v 
surface potential. The static single-particle detector has 
detected average single-particle everts of 3.4 times per 
day. The dynamic single-particle detector which uses a 
80C86 chip as the central processing unit has detected 
higher frequency single-particle events. 
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Figure 3. The SJ-4 Satellite in a Fairing 
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The SJ-4 satellite passes thro the inner and outer 
radiation belts 4 times a day. While this provides a good 
opportunity for measuring charged —55* in space, it 
creates a severe environment for satellite tion. On the 
19th day, a serious incident of si particle lock 
occurred: the CMOS circuit of the dynamic | sin e-particle 
detector became locked up, and the electric current 
increased by 800 mA, causing overload in the secondary 
power supply and temporarily shutting off the power. After 
the Xian — Center transmitted a remote command 
to the satellite, the circuit was unlocked, and the power 
supply was restored; subsequently, all the equipment 
returned to normal. So far, this satellite has captured 3 


such single-particle lock events. 

The test results from the SJ-4 satellite not —* have given 
us a better understanding of the cle environ- 
ment in space, but also have provided valuable experience 


in designing large-scale integrated circuits for space 
applications. 


a See eS See 
= teS 


956B0046B — ing ZHONGGUO HANGTIAN 
[AEROSPACE C INA] in Chinese No 11, Nov 94 pp 19-22 


[Article by Min Changning [7036 7022 1380]} | 


[FBIS Translated Excerpt] Abstract: This paper briefly 
describes the current status and development trend of 
mobile communication satellite both at home and abroad. 
The basic design considerations for establishing a mobile 
communication satellite system for China and for the 
Asia-Pacific region are discussed. [Passage omitted] 


According to government estimates, by the year 2000 
China will have approximately 200,000 to 300,000 mobile 
users, of which 90 percent are domestic business users and 
10 percent are private mobile users. The volume of China’s 
mobile satellite communications will account for 40 
cent of the total volume of mobile communications of t the 
entire Asia-Pacific region. In addition, China’s growing 
industrial activities in aviation, highway transportation, 
railroad and inland transportation, rescue and firefighting, 
and the developing remote regions also impose urgent 
demands on mobile satellite communication. 


Because of its huge landmass and large population, China’s 
mobile satellite communication market will be a hot spot 
of competition for the world’s leading mobile communi- 
cation satellite companies. Faced with this situation, it is 
important for China to establish an immediate policy to 
develop a regional mobile communication satellite system 
for domestic users and for users in the Asia-Pacific region. 


In this paper, two plans for establishing a future mobile 
satellite communication system are proposed. The first is 
for a domestic mobile communication satellite system, 
which uses either China’s own satellite platform or a 
foreign satellite platform (Plan A); the second is for a 
regional mobile communication satellite system for the 
Asia-Pacific region, which uses the modified Hughes-601 
satellite platform (Plan B). 
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I. General Design Considerations 


The design goal for both plans is to provide single-hop (or 
double-hop) satellite communication using a hand-held unit 
for the Chinese mainland and for the Asia-Pacific region. 
The objective is to satisfy the growing needs for mobile 
satellite communication for this region and 4 the 
major international investors and corporations taking 
over China's mobile satellite communications market. 

1. Selection of the Communication System 


The communication systems used by the mobile commu- 
nication satellites that exist today are as follows: the 
IRIDIUM uses a combined TDMA/FDMA system; the 
GLOBAL STAR uses a combined CDMA/FDMaA system; 
and the MOBILE STAR uses a combined single-channel 
per carrier (SCPC\VFDMA system. 


The SCPC/FDMA system. This system has been widely 
used in VSAT communication; it is best suited for satellite 
transponder operation with no on-board processing; the 
system is voice-activated, and provides higher voice- 
channel capacity of the transponder. The voice channel has 
a bandwidth of 6 kHz, and uses quadrature phase shift 
keying (QPSK) modulation. 


The TDMA/FDMA system. While the time synchroniza- 
tion of this system is rather complicated, TDMA users at 
the same frequency but different time slots can share the 
same modulator/demodulator, the system is best suited for 
a communication system that uses on-board switching. By 
using on-board voice insertion, the vu.. e-channel capacity 
of the transponder can be increased. 


The CDMA or CDMA/FDMaA system. The CDMA system 
can increase the frequency re-use rate of a multiple-beam 
satellite-to-ground system; it can overcome the problem of 
inadequate beam separation and multi-path effects, and 
also provide improved security. The demodulation of 
CDMA is rather complicated, and it must be used in 
conjunction with bi-directional power control. The CDMA 
or CDMA/FDMaA system can be considered where there is 
no on-board demodulation, modulation or processing. 


Based on the above analysis, we have chosen the FDMA/ 
TDMA system for the proposed plans. TDMA is primarily 
used for on-board processing to accomplish channel, fre- 
quency and beam conversion and distribution, and to 
perform demodulation and modulation for single-hop 
communication between mobile users. 


The hand-held unit has two operating modes; it uses FDMA 
or TDMA to communicate with the satellite, but can use 
other systems to communicate cellular units on the ground. 


The design of the signal correlation station should take 
into consideration the conversions between different com- 
munication systems. The signal correlation station carries 
out the conversions and ensures compatibility between the 
satellite system and the public telephone network as well as 
the cellular network. 


2. Selection of Satellite Orbit 


The mobile communication satellites that exist today are 
in one of three types of orbits: low-aititude orbit, mid- 
altitude orbit and geostationary orbit. Based on technical 
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and economic considerations, a global mobile communi- 
cation satellite system should use a mid-altitude or low- 
altitude orbit, whereas a domestic and regional satellite 
system should use a geostationary orbit. In terms of total 
system cost, the satellite system in a low-altitude orbit is 
the most expensive. For example, in the IRIDIUM system 
which has a large number of satellites, the total system cost 
is 3.4 billion dollars. Another factor that must be consid- 
ered in orbit selection for a global communication system 
is the restrictions and regulations imposed by the regional 
or local government. 


Because of the huge investment involved in a mid-altitude 
or low-altitude mobile satellite system, the fierce competi- 
tion in the international market and the difficulty in the 
coordination and control of such a system, it is prudent for 
us to focus initially on a regional mobile communication 
satellite system in a geostationary orbit. This approach not 
only reduces the amount of required investment, but also 
gives China complete control over its satellite resources. 


3. Selection of Frequency Band 


Selection of the frequency band is dictated by the following 
two considerations: (1) the frequency band assigned by the 
International Radio Union for mobile communication, 
and (2) the problem of potential frequency interference. 
Based on these considerations and the communication 
requirements imposed by ships, airplanes and ground 
vehicles, a good choice for the frequency band of a mobile 
communication satellite system is as follows: 


L band is used between the user and the satellite: 


uplink: 1631.5 - 1660.5 MHz 
downlink: 1530.0 - 1559.0 MHz 


Ku band is used between the satellite and the feeder link of 
the signal correlation station: 


uplink: 14000 - 14150(14240) MHz 
downlink: 11450 - 11600(11690) MHz 


The satellite operates in a “bent-pipe” mode. i.e., its 
bandwidth is 240 MHz when there is no on-board pro- 
cessing, and with on-board processing, it is 150 MHz. 


4. Antenna Beam Coverage 


The antenna beam coverage is primarily determined by the 
results of market survey, according to which China will 
have 180,000-270,000 mobile satellite users by the year 
2000. If we postulate that 3 calls are made in a 9-hour day, 
and each call lasts 3 minutes, then the system will require 
3412-5087 channels; if each call lasts 5 minutes, then 
5644-8428 channels are required. China is developing 
increasingly closer ties with its neighbors in the Asia- 
Pacific region. Also, the development of the communica- 
tions industry and the rapid economic growth of this 
region provide a solid foundation for the growth of the 
satellite mobile communications market. The total 
capacity of mobile communications in the Asia-Pacific 
region is expected to be 1.5 times China’s capacity. There- 
fore, in the antenna design, a large antenna size and 
multiple point-beam technology should be used in order to 
achieve high antenna gain. 
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For the mobile user—satellite link, two configurations 
have been proposed: one configuration uses 10 point- 
beams (1.75° x 1.75°) to cover China’s mainland and 
coastal regions, as shown in Figure 1; the other configura- 
tion uses 32 point-beams (1.75° x 1.75°) to cover the 
Asia-Pacific region, as shown in Figure 3. The satellite has 
two 8-m mesh antennas, one for transmitting and one for 
receiving. The Ku-band feeder link between the signal 
correlation station and the satellite uses a 0.9-m parabolic 
reflector antenna whose beam covers the entire country (or 
the Asia-Pacific region), as shown in Figure 2 and Figure 4. 
This design provides higher antenna gain and improves the 
overall effectiveness of the satellite system. 





Figure 1. L-Band Antenna Coverage Diagram for Plan A 














5. Selection of Orbit Position 


Selection of the orbit position is dictated by the following 
considerations: the total area of coverage; the size of the 
coverage beam and pattern loss; the times at which the 
satellite enters and exits the earth shadow, the velocity 
correction required for station keeping; the coordination 
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Figure 4. Ke-Band Antenna Coverage Diagram for Plan B 





of the orbit position and potential interference with neigh- 
boring systems; and the requirement that the elevation 
angle of the entire service region must be greater than 20°. 


Based on the above considerations, we recommend that 
the orbit position should be between 90°E and 100°E. 
Currently, there are only three satellites in the Asia-Pacific 
region (i.e., the Asia-Pacific 2, the Asia 2 and the Pan 
America 4) that are equipped with Ku-band transponders, 
and they are all located outside the longitude zone 90°E- 
100°E; they do not operate in the L-band. Therefore, 
coordination of the orbit position is not a problem. 


II. Basic Performance of the Two Proposed Plans 
1. Performance of the Satellite Segment 


The satellite used for domestic mobile communication is 
placed in a geostationary orbit; the user link operates in the 
L-band and the feeder link operates in the Ku-band; it has 
10-12 beams to cover the Chinese mainland as well as Hong 
Kong, Taiwan and the coastal regions; the satellite operates 
in a bent-pipe mode, and the communication system is 
SCPC/FDMA,; it has two 8-m antennas, one for transmitting 
and one for receiving; the EIRP of the satellite is 64.1 dBW. 
The design goal of the satellite is to support double-hop 
communication from a hand-held mobile unit. There are a 
limited number of modulators and demodulators on-board 
the satellite to provide single-hop communication to some 
mobile users. The system can simultaneously provide com- 
munication links to 3000 hand-held terminals; the total 
capacity is 6000-8000 channels. 


The satellite used for regional mobile. communication for 
the Asia-Pacific region is also in a geostationary orbit; it 
has 32 beams to cover the southeast Asia region. The 
satellite is equipped with an on-board processing system 
which uses Fourier transform to perform channel, fre- 
quency and beam conversion and distribution as well as 
demodulation and modulation for single-hop communica- 
tion between mobile users. The communication system is 
SCPC/FDMA/TDMaA,; the satellite has two 8-m antennas, 
one for transmitting and one for receiving; the EIRP of the 
satellite is 65.2 dBW. The design of the satellite is to 
support single-hop communication from a hand-held 
mobile unit. The system can simultaneously provide com- 
munication links to 4000 hand-held terminals; the total 
capacity is greater than 8,000-11,000 channels. 
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2. The Transponder and Its Operation 


There are two types of transponders: forward transponder 
and backward transponder, the discussion here is limited 
to the transponders used in Plan B. 


Forward transponder. The forward transponder consists of 
ee. ene 


up-converter, the by-pass filter, 2 oups (16 each) — 
matrix amplifiers, and io tenn tenon 


The function of the forward transponder is to transmit the 
information from the signal correlation station (including 
information sent by the fixed-terminal user to the mobile 
user and information received from the mobile user via the 
backward transponder) to the on-board processing chan- 

nels of the forward transponder, and then to the mobile 
user terminals. 


The information of the signal correlation station is divided 
into 4 groups, each group covering 8 beams; it is first sent 
to the beam forming network, where the signal is amplified 
by a low-noise amplifier, then down-converted to IF. One 
branch of the IF signal is sent to the Ku-band frequency 
converter of the backward transponder; the other branch is 
sent directly to the on-board processor and the demodula- 
tor-modulator, where it is distributed in channel, fre- 
quency and beam (which is controlled by the signal corre- 
lation station); the distributed signals are sent to the 
individual up-converters and filtered by the by-pass filter, 
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then sent to the matrix amplifier. The amplified signal is 
sent to the high-voltage beam forming network. 


Backward . The backward transponder consists 
of the beam forming network, the L-band low-noise ampli- 
fier, the L-band down-converter, the on-board processor 
and the Ku-band up-converter, the power amplifier and 
the beam forming network. 


The function of the backward transponder is to transmit 
the information from the mobile user (including informa- 
tion sent between the mobile users and information 
between a mobile user and a fixed user) to the on-board 
—2 channels of the forward transponder, then to 
the ile user terminal or to the fixed terminal of the 
signal correlation station. 


The signal from the mobile user terminal is amplified by 
the L-band low-noise amplifier, and down-converted to IF; 
one branch of the amplified signal is sent to the on-board 
processor where it is redistributed and up-converted to 
L-band, then sent to the signal correlation station; the 
other branch is sent directly to the on-board processor of 
the forward transponder, where it is demodulated and 
modulated onto L-band; then it is filtered by a by-pass 
filter and amplified by a matrix ange, and sent to the 
user terminal. 


A block diagram of the transponder is shown in Figure 5. 
The basic performance parameters of the satellite are 
presented in Table l. 

















Figure 5. Block Diagram of the Transponder 
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Table 1. Satellite Performance Parameters 
Performance Parameter Demmesty Vottbe Snatetiiter Ante Pr th Kegtoma! Viewtic Saeeddite 
Satellite platform Domestic satellite common platform Hughes-601 modified platform 
Orbit position 90°E-100°E 90°E-100°E 
Life 212 years 212 years 
Orbit Geostationary orbit Geostationary orbit 
Attitude stabilization Three-axis stabilization Three-axis stabilization 
Launch vehicle LM-2E and LM-3B LM-3B 
Antenna beam Ku: One shaped beam covering all of China ceases 
L: Point-beams (10 1.75°x1.75°) Point-beams (10 1.75°x1.75°) 
Antenna dimensions L: 2x@8.0 meter L: 2x@8.0 meter 
Ku: 0.9 meter Ku: 0.9 meter 
On-board processor No, can process a limited number of Yes, can process 1000 single-hop channels 
single-hop channels 
Satellite EIRP 
(Edge) L: 64.1 dBW 65.5 dBW 
Ku: 41.1 dBW 41.1 dBw 
Satellite G/T L: 9.5 9.5 
(dB/°K) Ku: 0.8 -2.5 
Satellite SFD L: -120 - -130 -120 - -130 
(dBk/*m2) Ku: -80 - -90 -80 - -90 
Transponder bandwidth L: 29.0 MHz 29.0 MHz 
Ku: 29.0 MHz 72.0 MHz 
Communication capacity 
Hand-held unit 3000 systems 4000 systems 
System 6000-8000 systems 8000-1 1000 systems 











Ill. Key Technologies 


The successful development of a mobile satellite commu- 
nication system will require a series of new technologies 
which can be acquired through cooperative international 
ventures. These key technologies include: 


1. Satellite-based large antenna technology. The L-band 
user link requires two 8-m antennas to support commu- 
nication from hand-held units. The Ku-band uses 
shaped-beam antenna technology. 


2. Multiple-beam technology. The domestic mobile satel- 


the Asia-Pacific regional mobile satellite ~~ roe 


region. 


requires 32 point-beams to cover the entire Asia- 


3. On-board processing technology. It involves the fre- 
quency, channel and beam distribution for the user 
channels and demodulation and remodulation of the 
signal channels. 


4. Dynamic power distribution technology. 


5. Bi-directional power control technology of the hand- 


lite system requires at least 10 point-beams to cover the 


Chinese mainland and the Hong Kong Taiwan region; 


held unit. 
6. Dual mode operation of the hand-held unit. 
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* Integrated Environment GKD-CSE 
e 


95P60100A Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONIC NEWS] in Chinese 30 Dec 94 p 3 


[Article by Tan Keyang and Jia Yan] 


[FBIS Summary] The “Client/Server Model Based Al 
(Artificial Intelligence)-Language Integrated Environ- 
ment GKD-CSE” developed by 10 AI specialists at the 
Computer Institute of the University of Science and 
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Technology for National Defense (USTND) was recently 
certified in Changsha by an expert panel from the State’s 
863 Program. The USTND group, led by Wang Pu [3769 
2613}, Prof. Gao Hongkui [7559 3163 1145}, and Dr. 
Wang Huaimin [3769 2037 3046}, has developed an AI 
tool integrated environment that supports mainstream 
techniques such as application programming interfaces 
(API), databases, and network communications. The Al 
tool includes a logical inference tool and a production- 
model inference tool. 
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Warship Stealth nines Symposium Held it 

Naval Academy of Engineering 

nt rey Wuhan HAIJUN GONGCHENG XUEYUAN 
IEBAO [JOURNAL OF THE NAVAL ACADEMY OF 

ENGIN ] in Chinese No 4, Dec 94 p 29 


PUN Sammons Yo primaete cans Gethigs gees, 
encourage R&D of new technologies, and to discuss war- 
ship stealth achievements already realizec at 
the Naval Academy of Engineering, the academy held a 
“Warship Stealth T 


at which six papers were delivered and discussed. These six 
papers i t Prof. Guo Rixiu’s [6753 
2480 0208) “Advances in Warship Anti-Vibration and 
Damping Technology,” (2) Second t Prof. Shi 
Yin’s [2457 1714] “Damping and Noise-Reduction 
Research and Stealth Technology,” (3) Second Depart- 

ment Associate Prof. Pu Jinyun’s [3184 6855 0061] “An 
Important Method for a Warship’s Ability to 
Exist—Stealth — ” (4) Fourth Department Prof. 
Zhang Zhonglong’s [1728 1813 7893] “Study of the Cur- 
rent Situation and Measures To Be Taken in Domestic 
Submarine Magnetic ” (5) Basic t Asso- 
ciate Prof. Huang Zhexun’s [7806 0772 6676) “Discussion 
of Acoustic ‘Black’ Bodies,” and (6) Basic Department 
Prof. Yao Shuren’s [1202 2885 0086] “Research on War- 
ship Acoustic Stealth Materials.” Active discussions of 
these papers have led to early preparations for establish- 
ment of a “Warship Stealth Technology Research Center” 
at the academy. 


Niflltsscter Ware Rader * 


956B0012A Shanghai HONGWAI YU HAOMIBO 
XUEBAO [JOURNAL OF INFRARED AND 
MILLIMETER WAVES] in Chinese Vol 13 No 4, 
Aug 94 pp 261-266 


[Article by Fan Zhengfang [2868 2973 5364], Xu Xiaojian 
ko 6079 430 0494}, and Zhao Su [6392 4790] of the Beijing 
nstitute of Environmental Features, The Second 
Academy, National _ Bureau, Beijing 100854, China; 
MS received 4 May 94] 


{FBIS Translated Excerpt] 
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Abstract 


The main features of a wideband coherent millimeter- 
wre eae) eee Macneeemnans eitam, —⏑ —— 
principle ution imaging is reviewed, 
four different ——— are presented and their 
performances ate compared. Experimental results of 

imaging a model aircraft are also presented. 


0 Gam Samy SOs Seats © tat 


ment; this system has ‘tenn used to conduct studies of 
high-resolution MMW imaging of aircraft targets. 

In this paper, the main features of the system and the basic 
Ee © Sp eames Gee Sane om ———— 
Four different algorithms used for NNW high-resolution 
radar imaging are discussed and their performances are 
compared. 


1. Millimeter-Wave Radar Imaging System 


A block diagram of the wideband coherent MMW radar 
imaging system is shown in Figure |. The system uses a 
fully coherent radar; the high-frequency t consists 
of three phase-locked loops: the HAW reference circuit, 
the local-oscillator circuit and the transmission circuit. 
The bandwidth of the transmitted signal is 1000 MHz; the 
nominal range resolution is 0.15 m; and a frequency- 
hopping continuous-wave (CW) is used as the primary 
waveform. The receiver can simultaneously receive both 
horizontally polarized and vertically polarized (or left- 
hand circularly polarized and right-hand circularly polar- 
ized) signals, and measure the amplitude and phase of 
radar returns by performing phase detections in both I and 
Q channels. The key performance parameters of the 
system are as follows: operating frequency = 

signal bandwidth = 1.0 GHz; output power = 1000 mW; 
transmitted signal type, frequency-hopping CW; antenna 
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Figure 1. Block Diagram of Wideband Coherent MMW Radar Imaging System 
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polarization horizontal/vertical and left-hand circular/ 
right-hand circular; polarization separation => 30 dB; 
receiver type, polarized dual-channel and I, Q dual- 
channel coherent receiver, receiver sensitivity = -100 dBm; 
receiver linear dynamic range => 70 dB; amplitude mea- 
surement accuracy better than | dB; phase measurement 
accuracy, better than 10°. 


2. Principle of High-Resolution Imaging 


2.1 Basic Principle of Imaging 


According to electromagnetic theory, under the conditions 
of physical optics and Born approximation, by 

the monostatic or bistatic scattering fields of the target at 
different frequencies and different target attitudes, one can 
obtain the Fourier spectrum 


of the target scattering function 
F(>) 
are the three-dimensional vectors in the Fourier space and 
f (+), where > and + 


the target space respectively. Because of the band-pass 
characteristics and the high-frequency characteristics of 
the imaging system, and the finite observation window, the 
Fourier spectrum obtained from the actual measurements 
must be the expansion of the finite spectrum in the 
high-frequency region. In the high-frequency region, the 
target scattering function 


can be interpreted as the three-dimensional geometric 


f(+) 


distribution and strength (RCS) distribution of those scat- 
tering centers which contribute to the measurement. 
Therefore, the reconstructed target scattering function is 
limited by the effects of diffraction and noise; the image 
created is an image of the multiple scattering centers. 


The high-resolution imaging of the scattering centers is 
based on the principle of range-Doppler resolution. The 
imaging of target scattering centers is generally accom- 
plished by rotating the target on a turntable. The nominal 
range resolutions in the radial and lateral directions are 


respectively: 


¢ 

ry nn) 
A 

ry nr) 


where B is the radar bandwidth, c is the speed of light, A is 
the center wavelength, and 6 is the total turn angle of the 
target. [passage omitted] 
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2.3 Sampling Interval in Frequency and Angle 

In an actual imaging system, the measurement of fre- 
quency and target turn angle is accomplished by discrete 
sampling. To simplify the discussion, the algorithms pre- 
sented below are expressed in the form of continuous 
integral given in the imaging formula; however, the sam- 
pling interval must satisfy the sampling theorem in order 
to avoid range ambiguities. 


In a CW system, the sampling interval in frequency Af 
must satisfy the following condition to avoid range ambi- 
guity in the radial direction: 





-~- @ 


where R,,,,, is the maximum range of the target, and c is | 
the speed of propagation. 

To avoid range ambiguity in the lateral direction, the 
sampling interval in azimuth A>v must satisfy the condi- 
tion: 


a 
A@ < = (8) 


where D is the size of the target, A,,,,, is the minimum radar 
wavelength. 
3. Imaging Algorithms 
The following four imaging algorithms have been 
proposed”: the two-dimensional Fourier Transform algo- 
rithm, the filtered backprojection algorithm, the maximum- 
yee A wy LU network 
algorithm. The two-dimensional Fourier Transform is the 
classical algorithm; the filtered backprojection algorithm is 
best suited for near-field imaging because the mathematical 
formulas contain near-field correction factors; these two 
algorithms can produce conventional high-resolution 
— maximum-entropy algorithm and the hybrid 
neural network algorithm are nonlinear algo- 
rithms; both can produce super-resolution images. 


3.1 The Twe-Dimensional Fourier Transform Algorithm 


The imaging data collected by rotating the target are given, 
polar coordinates (circular spectrum). However, the two- 
dimensional Fast Fourier Transform (FFT) algorithm is 
carried out in a rectangular coordinate system; therefore, 
prior to image reconstruction, the circular spectral data 
must first be converted to values on a rectangular grid 
based on the measurement geometry using a two- 
omitted] 


dimensional interpolator. [passage 


time series. In particular, for a short time series, this 
algorithm can enhance the resolution by extending the 
series outward. In microwave imaging, the two- 
dimensional target resolution is determined by the window 


size of the frequency spectrum and the azimuth angle. 
When the radar bandwidth is narrow or the azimuth 
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window is small, the resolution of the images may degrade 


it is possible to achieve high-resolution 
eS 
tion of the maximum-entropy algorithm is given in Refer- 
ence 2; the main steps of the algorithm are as follows: 
(1) Aaoly Os Bam cite epee —— 
spectral extension of the measured frequency-azimuth 


(2) Agoty Gs Gund algorithm before and 
after spectral extension o Oye yes 


tive image and a maximum-entropy image; 
(3) Use the coarse information of the target “shape” 


(1) Use linear prediction to perform one-dimensional 
spectral extension of the frequency samples below each 
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azimuth angle, then apply Fourier Transform to obtain 
_ Super range resolution in the radial direction; 


estimated amplitude and phase of the scattering cen- 
ters of each range cell in the lateral direction; 

(3) Determine the locations of the scattering centers of the 
target using the Hopfield neural network model; 


(4) Based on the locations of the scattering centers 
Gains Som Ss gate amp, Se ca me 
Gap ¢ Se elas gue oe & cage © 

two-dimensional 


super-resolution 
4. Experimental Results 
A te conned of Go Sanain pam, Oe Ena of oe 
aircraft model is reconstructed, as shown in Figure 2. The 


backprojection algorithm to reconstruct the co- polarized 

images (Figure 2(a) and Figure 2(b)). 
Since the imaging system can measure both the co- 
polarized and cross-polarized scattering components of the 
target, the result can be improved by polarization 
image-enhancement techniques. The conventional 
approach is to add the images fi by the Fourier 
spectra corresponding to the four elements of the scat- 
tering matrix to form an enhanced image. Another 


a 
: 


The same data have been processed using the filtered 





_ 





a 

















— 
eee 














+ 
3 


La ._s ww a —_ -~ 2 — 
oe 
Radial distance/cm 























— yt yt ot ~ —— cee 
— — —— 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











DEFENSE TECHNOLOGY 


JPRS-CST-95-003 
3 March 1995 


























| 


~~ a4 i pee 4 ~~ —_- wv v 
‘wr 















> 
Radial distance/ca 


— — oe y — — — 




















eo oo oo wy wo wow 


210 0 +130 -1” 6 0 
Lateral distance/cm 
(a) (b) (ec) 











Figure 3. Reconstructed Images Using Three Different Algorithms (a) filtered back projection algorithm; 
(b) maximum-entropy algorithm; (c) hybrid artificial neural network algorithm 





result as the 2-D FFT algorithm), the maximum-entropy 
algorithm and the hybrid artificial neural network algo- 
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EM Scattering Analysis, Simulation of Complex 
Aircraft Targets 


956B0012B Beijing DIANZI XUEBAO [ACTA 
ELECTRONICA SINICA] in Chinese 
Vol 22 No 9, Sep 94 pp 70-75 


[Article by Wang Baofa [3769 1405 4099] of Beijing 
University of Aeronautics and Astronautics, Beijing 
100083, and Liu Tiejun [0491 6993 6511] of the Beijing 
Institute of Environmental Features, Beijing 100854; MS 


targets. The discussion presented in this paper is limited to 
the case of monostatic scattering of a perfectly conducting 
metallic target. 
1. Introduction 


Over the years, many countries around the world have 


The main function of contour stealth technology is to 
design the components and exterior shape of an aircraft so 
as to minimize the radar cross section (RCS) while pre- 
serving its aerodynamic characteristics. In addition to the 
aerodynamic constraints the effectiveness of contour 
stealth technology also depends on the frequency. In the 
high-frequency region, the RCS of a scattering body is very 
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nology is subject to a frequency limi 
dimensions of the aircraft. 


Even in the high-frequency region, contour 
nology is also subject to spatial constraints. In other 
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scattered energy. 
Therefore, the purpose of modifying or re-designing the 
exterior shape of an aircraft is to re-direct the scattered EM 
energy away from the pie-region that is most vulnerable to 
radar detection to a less vulnerable region. Therefore, first 
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one must determine the vulnerable pie-region of the air- 
craft; generally, it is a region within a certain spatial angle 
of the nose cone of the aircraft. 

Contour stealth technology is based on an analysis of the 
EM scattering mechanisms of various parts of the aircraft. 
In the high-frequency region, the total scattering field of a 
complex object can be regarded as the superposition of 
fields of many local scattering sources. These local scat- 
tering sources are called centers. Scattering 
centers at different parts of an aircraft have different 


of a. slender object. In this paper, 

caihad Io auuaiad te auaiene 1s eee aetna 
acteristics of a fused wi structure, and to calcu- 
late the theoretical RCS value. 


Il. Analysis of the Exterier Features of 2n Aircraft 


Generally, the structure of an aircraft has the following 
components: the fuselage, the wing, the horizontal tail, the 
vertical tail, the engine, the cockpit, the appendages and 


with a wide variety of different configurations. For 
example, the tail-less aircraft, the canard configuration, the 
dual-fuselage configuration, and the fused wing-fuselage 
configuration have all been used in aircraft designs. 

In establishing the mathematical model of a complex 
aircraft, one must first establish a model for each compo- 
nent based on its exterior features, then synthesize them 
into a mathematical model for the entire aircraft. 


wing and the tail, one should also impose the condition of 
sections. To ensure smooth transition at the joints of 


following three categories: 


(1) Fuselage and Short Compartment 


The fuselage is typically a slender body that consists of a 
series of parallel cross sections; the transitions between the 
cross sections must be smooth. The shapes of the cross 
sections vary according to some formula in the 
longitudinal direction; the trace of the variation defines 
the exterior- shape. Since such components are symmetric 
with respect to its axes, only half of the data points are 
needed to define the shape. 


(2) Wing Surface 


A wing surface typically has three segments: the wing-tip 
segment, the ruled-surface segment and the fairing segment. 


(3) Special Surfaces 
In addition to the two surfaces described above, there are 
special surfaces which must be modelled to their 


ee eS 


of CAD/CAM tech- 
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surface, and the (Kong-Si) surface-element method is used 
to reconstruct a bit-cubic surface. Our basic algorithm is to 


i 
li 
rt 
il 
Hi 





This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











JPRS-CST-95-063 
22 DEFENSE TECHNOLOGY 3 March 1995 


V. Conctusion 


The above algorithm has been used to determine the RCS of an elongated ellipsoid, a cylinder and a certain stealth target. 
Figure 3 shows the calculated RCS for the elongated ellipsoid. Figure 4 shows the surface element configuration of the 
stealth aircraft, and Figure 5 shows the calculated RCS of the stealth aircraft. 
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Figure 3. Comparison of RCS Calculations for the Elongated Ellipsoid. (1) Calculated results based on the integrated 
ellipsoid; (2) Calculated results based on the surface-element methed 
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Figure 4. Top View of the Surface-Element — —— RCS _ 
Configaration of the Stealth Model 
(3) In the design of the fused wing-fuselage structure, one 
can select the geometry of the structure by minimizing 
the scattering cross section of the target. This data can 
be used to compute the RCS values for different 
different polarizations and frequencies; the results can 
be incorporated into a basic module of the CAD/CAM 
system for aircraft and space vehicles. This module can 
be used in conjunction with other CAD modules in 
selecting optimum parameters for the design of aircraft 
and space vehicles. 
Figure 5. Thowslical Culcaiations and Enperkmental 
Results of a Stealth Aircraft (F = 8.8 GHr, vertical References: 


variation: Max = 20 dB, Min = -30 dB) 1. George T.R., “Radar Cross-Section Handbook.” 


Plenum Press, New York, London, 1970. 
From the above results, one can make the following 2. Ben Rich, “Operation and Development of Stealth 
observations: Fighter,” Bill Sweetman, James Goodall, 1990. 
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High-Speed 1x4 InGaAs/InP PIN Photodiode 
Array With Monolithically Integrated Lenses 
95P60092A Shanghai HONGWAI YU HAOMIBO 
XUEBAO [JOURNAL OF INFRARED AND 
MILLIMETER WAVES] in Chinese Vol 13 No 5, Oct 94 
pp 364-368 


Othe by Xiao Deyuan [5135 1795 0337], Ren in 
0117 3827 2946}, and Chen Xueliang (7115 1331 5328] of 
the Institute of Metallurgy, Shanghai 200233: 
“Hi x4 InGaAs/InP PIN Photodiode Array With 
Monolithically Integrated Lenses,” supported by grant from 
the Youth Foundation of the CAS 8 i Institute of 
Metallurgy; MS received 17 Sep 93, revised 29 Mar 94] 


{FBIS Abstract] High-speed 1x4 InGaAs/InP PIN photo- 
diode arrays with integrated lenses have been fabricated by 
a multi-step process including liquid phase epitaxy, pho- 
tolithography, and ion-beam milling. As measured with a 
1.3-micron InGaAsP/InP double-heterostructure laser 
diode as the light source, detector pulse rise time is 360 ps 
and pulse full width at half maximum (FWHM) is 300 ps, 
giving a corresponding modulation bandwidth of 1.0 GHz; 
this is equivalent to | Gb/s reception of modulated data. 
Also, responsivity measures 0.5 A/W and single-mode 
fiber optic coupler alignment margin is 45 microns. The 
device's modulation bandwidth of 1.0 GHz makes it ideal 
for broadband wavelength division multiplexing systems, 
optical interconnection systems, and optical computing 
networks. Seven figures show a cross-sectional view of the 
array, a graph of the relationship among focal | , lens 
aperture, and microlens thickness, a schematic of micro- 
lens fabrication by ion-beam milling, an SEM photograph 
of the array chip, the set-up for measuring the pulse 
response of the photodiode, a 1 GHz optical oe 
response, and the pulse response for the photodiode. There 
are no tables. 


References: 


1. m W.S. et al, ELECTRON. LETT., 1988, 24 (18): 


2. 5 O., J. ELECTROCHEM. SOC., 1984, 131 (10): 
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5. Xue Deyuan et al, GUANGXUE XUEBAO [ACTA 
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GaAs/AlGaAs Multi-Quantum-Well IR Detector 
With Wideband Response 


95P60092B Shanghai HONGWAI YU HAOMIBO 
XUEBAO [JOURNAL OF INFRARED AND 
roy TER WAVES in Chinese Vol 13 No 5, Oct 94 pp 


2 by Li Jinmin [2621 2516 7044] et al. of the CAS 
nstitute of Semiconductors, Beijing 100083: “GaAs/ 
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AlGaAs Multi-Quantum-Well Infrared Detector With 
Wideband roe supported by grant from NSFC; MS 
received 28 Jul 94] 


[FBIS Abstract] An investigation of a 130-element GaAs/ 
AlGaAs MQW IR linear-array detector with a wideband 
response is The device is fabricated with a 
Riber-32P MBE system. At T = 80K, a spectral response 
curve for the detector array with FWHM = 4.3 microns has 
been demonstrated in a vertically incident operating mode 
based on a waveguide with a double-period grating cou- 
pler. At the response peak wavelength of 9.5 microns, a 
peak detectivity of 4.89 x 10° cm-Hz'?/W and a respon- 
sivity of 2.89 x 10* V/W have been obtained. 


Three show a cross section of the MQW material 
and device structure, detectivity for one of the 
detector samples, and a graph of responsivity vs bias. 
There are no tables. 
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200mm-Diameter Large-Aperture KDP Crystal 
High Power Frequency Doubling Laser System 
40100018A Shanghai ZHONGGUO JIGUANG [CHINESE 
JOURNAL OF LASERS] in Chinese Vol A21 No 11, Nov 
94 pp 853-859 , 


{Article by Cai Xijie, Mao Jianhua, Chen Wannian, et al. 
of the High Power Laser and Physics Joint Laboratory, 
CAS and China Academy of Engineering Physics, 
a 201800; (MS received 11 Oct 93, revised 28 Dec 


[FBIS Abstract] 200mm-diameter large-aperture KDP 
wh power frequency doubling laser system for 

12 [terawatt] facility has been developed. In the 
experiment of using doubling laser beam to target, the 
external frequency doubling conversion efficiency was 
kept over 60 percent when incident laser intensity was 
igher than 1.5 GW/cm7. Its highest efficiency of up to 
6 er ape yp ak, te AA, 
—33 eo pm) with the largest input energy 357.8 J 
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NYAGS@b it 


40100018B Shanghai ZHONGGUO JIGUANG [CHINESE 
JOURNAL OF LASERS] in Chinese Vol A21 No 11, Nov 


94 pp 865-868 


[FBIS Abstract] Pulses with energy of 3.5 mJ, repetition 
rate of 1-100 and fluctuation less than one 


ciency is 29 percent. 
involving A-O, E-O, and color center crystals and dye have 
been realized, respectively. The maximum peak output 
power of the laser is 100 kW. 


of Chromium Ions in 
SSP crt“ ooninn om 


40100018C Shanghai ZHONGGUO JIGUANG 
[CHINESE JOURNAL OF LASERS] in Chinese 
— No 11, Nov 94 pp 917-922 


ing 8 
University, Jinan 250100; (MS — 2 Mar 94, 
14 Apr 94)} 
{[FBIS Abstract] The absorption and excitation 
spectra at room temperature, the -induced fluores- 


cence spectra and the fluorescence lifetime both at room 
temperature and liquid-nitrogen temperature of a 

Cr:KTP crystal are measured experimentally. On the 
basis of the results, the ligand parameters, absorption 
cross section, emission cross section and quantum effi- 
ciency (QE) of the active chromium ions are calculated. 
It is found that the chromium ions are in the weak 
ligand, but show strong electron-phonon coupling. The 
lower QE at room temperature is assigned to a strong 
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nonradiative relaxation. No spectral character of the 
chromium ions of tetrahedron is observed. 


Cr:LISAF Monocrystals, Flashlamp-Pumped 
Laser Developed by Anhui Institute 


95P60096A say Oe JISHU TONGXUN [HIGH 

— TTERS] in Chinese Vol 4 No 12, Dec 
Pp 

[Article by Tang Honggao and Zhang Shang’an] 


ee Pumnesann A cow wpe ef tunel nner enyatal cilied 
lithium strontium aluminum fluoride 


(CrLISrAlF, or simply Cr:LiSAF) monocrystal has been 
developed in an 863 Program aye (No. 863- 
715-04-04-04) begun in 1991 by the Anhui Institute 


of Optics and Fine Mechanics (AIOFM) in cooperation 
= the mH of —22 ane Tene of China. 
type o single crystal, promising applica- 
tions in pm a ape 22 and communi- 
cations, range finding an radar, —22 
optics, and laser biotechnology, is easy to frequency 


as a 4 light source and easy to pum This high 


, et —_ 3 diode laser). 
100 mm long. 


—— ea YY 
pane § 0-25 mm in poh 
In the course of their research, the AIOFM scientists used a 


laser (632 wy et t 
ete ota Lt 


mm long, with both ends polished and plated with a thin 
film; Cr-ion concentration was 3 atomic percent. Flashlamp 
length was 60 mm, pulse width was 165 microseconds, 

supply capacitance was 200 microfarads, laser | 
| 7 cm, and output-mirror reflectivity was 5 
percent. With an input of 92 J, the scientists 
achieved a laser output energy of 420 mJ, a slope efficiency 
of 1.26 percent, a room-temperature continuously tun- 
able range of 780-938 nm. Through advances in crystal 


/growth, crystal processing, and pump technology, it is hoped 


that even efficiency laser output will be realized with 
a laser rod som fn Geonter ond ¥ tom la bough. 
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State-Level Communications Systems 
Development Base Completed 


95P60103A Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONICS NEWS} in Chinese 10 Jan 95 p 1 


[Article by Guo Zhongliang) 


— Summary] The State Communications Systems 
esearch and Development Base, the Chinese electronics 
industry’s largest communications R&D facility, passed 
state-level acceptance tests conducted at MEI’s Institute 54 
in Shijiazhuang on 28 December 1994. This base, built 
with a gross investment of 82 million yuan, includes a 
digital stored — controlled (SPC) [telephone] switch 
industrial technology R&D center, a military communica- 
tions and tracking/control systems R&D laboratory, a 
communications equipment integrated circuit design lab- 
oratory, and a communications systems software develop- 
ment laboratory. The overall facility has 11,000 square 
meters of research labs and centers and 377 new instru- 
ments and pieces of equipment. 


The main focuses of the new base will be as follows: (1) 
digital SPC switch software and hardware R&D and batch 
production; (2) product design techniques, including CAD 
of digital and video circuits (50-70 percent of emphasis) 
and of intermediate-frequency (IF) and microwave devices 
(30-50 percent of emphasis); (3) communications systems 
software development; and (4) CAD/CAM techniques for 
new product development. Mainstream products such as 
VSAT [very-small-aperture terminal] satellite communica- 
tions terminals, naval satellite communications stations, 
and microwave and mobile communications equipment 
will also be developed and manufactured at the new base. 


Shenzhen Firm’s Tianqi Intelligent Network 
Certified 


95P60103B Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONICS NEWS] in Chinese 10 Jan 95 p 1 


[Article by Xiao Wei] 


[FBIS Summary] The “Tiangi Information Link,” an 
intelligent network system developed by the Shenzhen 
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firm Tiangi [1131 1142] Electronic New Technology 
Enterprises Ltd., was certified by a panel of technical 
experts from the SSTC’s Information Department and 
from the Industrial and Commercial Bank of China on 28 
December 1994. This new system, an important step 
forward in the development of China’s own information 
superhighway, is an interactive multimedia communica- 
tions network — of intelligent information com- 
puters, client/server (C/S) super information network 
servers, stereo communications platforms, and object- 
oriented distributed databases. It is compatible with fiber 
optic telephone networks, digital data networks, satellite 
and microwave communications networks, data 
networks, mobile telephone networks, cable TV networks, 
integrated services digital networks (ISDNs), and all com- 
puter data networks. Telephone traffic, computer data, 
video signals, and faxes may be sent over the network. The 
Tiangqi Information Link complies with international com- 
munications protocols and world communications net- 
work industrial standards [so that China can become part 
of the global information infrastructure}; it is an “‘infor- 
mation highway” systems network. 


Shenyang Firm to Manufacture Northern 
Telecom’s SDH Equipment 


95P60103C Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 20 Jan 95 p 1 


[Article by Li Shanyuan] 

19 Jan (XINHUA)—On 18 January, Canada’s Northern 
Telecom Ltd. signed an agreement with the Shenyang 
Municipal and Liaoning Province posts and telecommuni- 
cations authorities and with the Liaoning Pioneering 
Group to cooperatively manufacture SDH [synchronous 
digital hierarchy] transmission equi t and related 
communications products. This US$20.5 million joint 
venture, called Shenyang Northern Telecom Ltd., will 
annually produce 3000 sets of SDH transmission equip- 
ment for optical communications. This equipment will 
provide reliable communications platforms for the 
domestic information superhighway, and is currently 
made by only a few advanced nations such as the U.S., 
France, Canada, and Germany. 
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Feature on HT-7 Tokamak Research at CAS 
Plasma Institute 


956B0021A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 17 Oct 94 p 1 


[Article by Cheng Yan and Peng Dejian) 


FBIS Translated Text] In October 1993, the “Chinese 

ience News” and other major Chinese newspapers 
reported that the supercondu Tokamak HT-7—the 
large scale nuclear plasma facility of the Plasma 
Institute of the Chinese Academy of Sciences (CAS), 
together with other associated research plans have passed 
the evaluation by several renowned nuclear fusion scien- 
tists in the world. The circular body of the major equip- 
ment of H-7 was installed in May of 1994; the vacuum test 
was completed in the early part of June; and the cryogenic 
superconductor test run was successful on its first attempt 
on July 19. In its letter of congratulations to the Plasma 
Institute, CAS stated: the HT-7 “will ensure China to take 
its place in the frontier of the world’s nuclear fusion 
research, and thereafter provide successful experience for 
developing super science in China under the current con- 
ditions of the country.” It “not only shows that the staff of 
the Plasma Institute is highly responsible, but is also a 
capable and trustworthy team.” 


The entire set of HT-7 facility (includes auxiliary cryogenic 
system, power supply system and diagnostic system) is 
worth nearly 200 million yuan. However, the Plasma 
Institute spent only 25 million yuan building the facility. 
Normally, it would take 10 years to set up this type of 
installation, but the Plasma Institute only spent three years 
to complete the job. No wonder the experts who came to 
visit the institute remarked, “The building of HT-7 is 
almost a miracle.” 


(1) 


In February 1990, Huo Yuping, an honored scientist, 
received a letter from the Kurchatov Institute of the 
former Soviet Union. The letter expressed that the 
Kurchatov Institute would like to send its superconducting 
Tokamak facility T-7 which had been shut down, to the 
Plasma Institute as a gift so that the two institutes could 
have better cooperation in conducting research. Huo Yup- 
ing, a physicist who had done research in the field of 
nuclear fusion in many countries, realized that T-7 was the 
third largest nuclear fusion Tokamak in the world; its 
superconducting coil is very suitable for realizing a quasi- 
stable body, which is one of the most important 
areas in research on nuclear fusion. With this major 
facility, the Plasma Institute could make some unique 
contributions to the world’s fusion research and would 
become a key player in the world’s nuclear fusion research 
field. However, Huo also realized that in order for China 
to reach its scientific research target, the Institute had to 
carry out a thorough and risky modification of T-7, and at 
the same time the institute had already started to build a 
medium-size Tokamak called HT-U. Therefore, accepting 
the modification of T-7 meant that the institute had to give 
up the HT-U. This also meant that the institute should 
take a rugged and risky path with no return rather than an 
7 pn. It was hard to decide which path they should 
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After a careful and detailed investigation and discussion of 
the feasibility of the T-7 modification, the leaders and the 
key members of the scientific and technical staff finally 
intended to 


the confidence of their capability in scientific research. 


(2) 
The T-7 is an cagnatting simulation facility. At first, it 


layer. Only i modification was the T-7 
able to take its position on the front line of current nuclear 
fusion research. 

The structure of T-7 is unique. It resembles a “life saving 
ring” which consists of five inner and outer circular thin 
shell layers. Each circular inner and outer layer was 


inserted together. To open each additional wi , the 
five inner and outer layers had to be penetrated and every 
part of the main equipment had to be rede- 


to 
signed. In addition, this would cause the deformation of 
the circular . Nevertheless, there was a total of 30 


different sizes of extra windows that had to be opened! 


The leaders of the institute decided firmly to solve the 
roblems of the odd-shaped cross section bellows. These 
ows were used to connect the inner and outer vacuum 
chamber, which meant connecting the most inner and the 
most outer layers of the “life saving ring.” There were 
several different shapes of bellows, such as, “runway,” 
“oval” and “dripping;” the process requirements for 
making these bellows are extremely strict. Even the facto- 
ries specializing in the bellows business hesitated to make 
these types of special bellows. But the engineering and 
technical staff of the institute with a glorious tradition did 
not stop because of these difficulties. bi | experimented 
wee again, and finally came up with 6 different types 
of 26 large welded bellows with special-shaped cross sec- 
tions. Not only did the new bellows have a great appear- 
ance, but their characteristics were far better than the old 
bellows of T-7. “The founder of the T-7", Professor 
Ivanov, praised the work with two thumbs up af*:, his visit 
to the institute. 


The inner vacuum chamber (the most inner layer of the 
“life saving ring,”) is the place where the plasma moved in 
the experiments; the T-7 was unable to withstand hi 
temperatures and was damaged severely by burning. 
new design required a stainless steel lining and dozens of 
cooling water tubes to be welded on the wall of the inner 
vacuum chamber so as to provide protection to the inner 
vacuum chamber. This unique structure gives mobility 
and flexibility to the HT-7. However, since all the parts 
were made of stainless steel which will deform consider- 
ably during welding, it was almost impossible to install. 
The engineers and technicians worked closely with the 
—* All the welding was completed successfully the 
rst time. 
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East China Expects Huge Power Supply “When completed, they will become a strong impetus to 
40101009A Beijing CHINA DAILY [BUSINESS the local economy. 


WEEKLY] in English 12 Dec 94 p 
[Article by Chen Qide] 
FBIS Transcribed Text] East China needs an expected 157 
illion yuan ($18.5 billion) to expand its power projects 
over the next six years, ing to a source in China’s 
Almost 70 billion yuan ($8.2 billion) should come from the 
central government, but the rest will come from overseas 
and local investment, said an official with Shanghai-based 
East China Electric Power Group Corp. . 
Current foreign investment in the sector comes mainly in 
the form of from the World Bank and the Asian 
Development Bank in addition to foreign government 
export credits and investment from joint ventures. 
The anticipated funds are needed to hike generating 
capacity from 35,000 megawatts at present to 55,000 by 
the end of this century. ie Soi 


East China will consume about 260 billion kilowatt-hours 
by 2000. The maximum power load will be 43,200 mega- 
watts. 


To meet that demand, the region must accelerate growth in 
its power industry, the official emphasized. 

Priority will be given to large and medium-size fossil-fuel 
power plants because of limited water resources. 


Projects requiring work include the eighth phase of the 
ee Oe 
start 


Additionally, the Waigaogiao Power Plant in the Pudong 
New Area will its first phase in 1996 and begin its 
second phase in 1997, with a capacity of 3,400 megawatts. 


Installation of two 800-to-1,000-megawatt units in the 
Hangzhou Bay Power Plant is also under consideration, 
the source said. 


Meanwhile, a number of ting units with a capacity 
of 6,800 megawatts will be installed in Jiangsu’s, 
Pengcheng, —*5 Nantong, Wuxi, Nanjing and 
Changshu areas, the official said. 

Zhejiang will install 5,500-megawatt units in Jiaxing, 
Beilun Port and Wenzhou. A number of 4,800-megawatt 
generating units are planned in Anhui Province. 

The source said the corporation will build some medium- 
size hydraulic power stations in East China to make full 
use of the region’s limited water power resources. 

The most important hydropower project is the Tianhua- 
ngping Pumped Storage Station in Zhejiang’s Anji County 
Wp & Seat unite. 5 & through a $300 
million World loan. 

Other hydropower projects will be located in Zhejiang’s 
Tankeng city with three 200-megawatt units; Wulongshan 
with two 200-megawatt units and Anhui’s Xiangshuijian 
with 1,000-megawatt units. 

Nuclear-power projects are also in the planning stage, the 
source said. 

They include the second phase of the Zhejiang-based 
Qinshan Nuclear Power Station having two 600-mega tt 
units, the province’s Sanmenwan Nuclear Power Station 
with two 1,000-megawatt units and the Lianyungang 
Nuclear Power Station in Jiangsu Province with two 
1 ,000-megawatt units. 

Nuclear power stations are also being considered for Anhui 
Province. 

Efforts have been made to import electricity from the 
Gezhouba Hydropower Station in Hubei Province. 

The East China area will hire electric power from the 
Three Gorges H Station, Shanxi coal-fired 
power plants and west China Hydropower plants. 
The region's 1,000-megawatt units will be renovated as 
well within the period, the source said. 
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Construction of Lijiaxia Power Plant at Peak 
Intensity 


956B0027A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 15 Oct 94 p 1 


[Article by reporter Cui Junqgiang [1508 6511 1730) and 
correspondent Li Junzhe [2621 0193 0772): “Lijiaxia 
Hydroelectric Plant Construction at Peak Intensity’’] 
[FBIS Translated Text) Following the completion of exca- 
vations for the diversion tunnel, the main dam and the 
station buildings, the period of peak intensity of construc- 
tion on the Lijiaxia hydroelectric plant, a key national 
project, has begun. A total of 1.6 billion yuan of the 
investment has now been implemented. The highest part 
of the main dam is now 65 m high, one-third higher than 
called for in the schedule. The hydroelectric dam, which is 
the largest dam in the Yellow River basin and has the most 
modern equipment, is rising rapidly in the 5-km gorge. 


The power plant, which will have an installed capacity of 
2,000MW, is in Qinghai Province, on the upper Yellow 
River. It is being built jointly by the central government 
and the governments of Shaanxi, Gansu, Ningxia, and 
Qinghai for a total investment of 5 billion yuan. The power 
plant is the first on the Yellow River to be built through 
solicited bids, and the technological requirements and the 
difficulty of the construction work have few if any parallels 
anywhere in China. When the Lijiaxia hydroelectric plant 
is completed, its reservoir will be able to irrigate 200,000 
mu of farm land, resulting in an additional output of 60 
million kg of crops every year. The power plant will 
produce an average of 5.9 billion kWh each year, which 
will be of critical importance in developing energy- 
intensive industries ir: northwestern China and in allevi- 
ating China’s electric power shortage. 


SA. Oe Wee (een Seay Snaw 


956B0027B Guiyang GUIZHOU RIBAO 
in Chinese 19 Oct 94 p 1 


Article by Xiao Hongteng [5135 3163 7506]: “Dongfeng 
ower Plant Unit | Produces Electricity Ahead of 
Schedule”} 
[FBIS Translated Text] On the afternoon of 16 October, a 
celebration and commendation meeting for the ahead- 
of-schedule commissioning of the Dongfeng hydroelectric 
plant, a national key project, was solemnly held at the 
construction site. Members of the province leadership 
Chen Shineng [7115 1102 5174], Wang Siqi [3769 1835 
7871}, Yu Zhonggui [0827 1813 2710}, Liu Yulin —8 
3768 * Yao Jiyuan [1202 4949 0337], and Wang 
Siming [3769 1835 2494], old comrade He Renzhong 
[0149 0088 0112), and provincial government economic 
adviser Xie Yanghui [6200 7402 1920}, were present. 
Deputy Minister of the Energy Industry Wang Shucheng 
[3076 1859 6134] and eminent hydropower expert and 
vice-chairman of the board of the China International 
aes Consulting Corporation Luo Xibei [5012 
7 0554] were among the experts who made a special 
ijing to attend the meeting. The Dongfeng 
plant will have a total capacity of 510 MW. 


trip from 
h 


Deputy provincial governor Yao Jiyuan read the “Deci- 
sion Commending Meritorious Units and Individuals in 
the Ahead-of-Schedule Production of Electricity at the 
Dongfeng Hydroelectric Plant.” 

Provincial governor Chen Shineng said in his speech, 
“Guizhou has abundant energy resources, and there is 
superior synergy for the development of the hydropower 
industry. We shall further accelerate the development of 
the electric power industry and strive to have generating 
capacity reach 10,000 MW by the year 2000, building 
Guizhou into a major energy center of southern China.” 
When representatives of the No 9 Hydropower Bureau and 
five other units that were designated Superior Construc- 
tion Units of the Dongfeng Project, comrades Zhang Jiaqi 
[1728 1367 3823] and Liu Keqin [2692 0344 0530}, who 
were named Superior Organizers of Construction on the 
project, and Hu Dayun [5170 1129 0061] and four other 
comrades who were named Extraordinary Contributors to 
the project, went to the podium to receive their awards, 
prolonged applause broke out, expressing high admiration 
for the builders of the project. 


St @ Stagg Sere Cate Comer 


956B0027C Guiyang GUIZHOU RIBAO 
in Chinese 19 Oct 94 p 2 


[Article: “Survey of Construction on the Dongfeng 
Hydropower Station Project”) 

[FBIS Translated Text] At the Dongfeng hydropower sta- 
tion, with a total generating capacity of 510 MW and a 
long-term average output of 2.42 billion kWh per year, the 
first generating unit began successfully producing elec- 
tricity on 31 August 1994. The eng hydroelectric 
station is the second large station in the Wujiang River 
cascade. 

At the end of 1984, the first team of builders from the No 
y Hydropower Bureau arrived at the site to begin prepa- 
rations. The river was dammed on 30 January 1989, a year 





This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-CST-95-003 
3 March 1995 


ahead of schedule. Shortly thereafter, by using staircase 
blasting and a prefracturing without a protective 
layer, 230,000 cubic meters of excavation for the founda- 
tion of the dam was completed in just over 3 months. 


Beginning in January 1990, in two months’ work, the 
pouring of the magnesium oxide low-swelling concrete for 
the foundation footings of the main dam was completed. 
By February 1991, more than 300,000 cubic meters of 
excavation for the two wings of the dam was finished. In 
July 1994, the pouring of 457,500 cubic meters of concrete 
for the main dam was completed. The overall product 
ety ee ee Go Aeneas ann oe 

thinnest dam, an asymmetrical parabolic doubly-curved 
cement thin-arch dam 25 m thick at its base, 6 m thick at 
the top, and 162 m high, rises imposingly above the gorge 
in the Yachihe section of the Wujiang River. The under- 
ground generator building is 105.5 m long, 21.7 m wide, 
and 51.0 m high. Underground rock excavation totaling 
$55,500 cubic meters was performed at the site. Excava- 
tion for the station buildings was begun at the end of 1989 
and was completed by February, 1992, receiving a national 
hydropower construction quality award. On 21 July 1992, 
the pouring of concrete for the main station building was 
begun, and the installation of the generating unit was 


completed on 3 August 1994. 


Test operation was successful on the first try, as was 
connection into the power grid. The flood relief system, 
consisting of a spillway on the left bank, the flood tunnel, 
and outer and inner relief holes on the dam, fully met flood 
relief conditions in July 1994. The grouting galleries at 
three levels on the left and right banks have a total length 
of more than 8 km. A total of 321,200 meters of curtain 
grouting was performed, which is a national record. Before 
power generation was begun, 260,000 meters of curtain 
grouting had been performed, and the water level in the 
reservoir is now only slightly more than 20 m below the 
normal level. The anti-infiltration curtain functioned nor- 
mally in high water-head tests. The completion of the 
Dongfeng hydropower plant has provided abundant con- 
struction experience for the comprehensive development 
of the Wujiang River and in addition will give a major 
impetus to the economic development of the great south- 
western zone of China. Yet another pearl on the Guizhou 


plateau is now sparkling brightly. 
China To Construction of Third Largest 
Hydropower Along Huanghe River 


95P60058A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 9 Nov 94 p I 


[FBIS Translated Text] China plans to begin construction 
of the third largest hydropower station, the Gongboxia 
hydropower station, along Huanghe River. The other 
hydropower stations completed are Longyangxia and 
Lijiaxia hydropower stations. The Gongboxia hydropower 
station, which is located on the border of Xunhua and 
Hualong Counties in Qinghai Province, will have a total 
capacity of 1.5 million kilowatts, a total reservior of more 
than 600 million cubic meters, and a total investment of 4 
billion yuan. 
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Copsteaatien of Lengens Mipisapenes Staten te 
Helongjiang Province Begun 


95P60058B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 3 Nov 94 p 1 


FBIS Translated Text] The interception of waterflow in 
lelongjiang Province’s largest hydropower station, the 
Lianhua hydropower station, has been completed. The 
Lianhua hydropower station, which is located in the lower 
stream of Mudanjiang River, is the largest conventional 
hydropower station in Helongjiang province; it is a large 
project designed particularly for the generation of elec- 
tricity and flood control. The station is scheduled to begin 
by 1996, and it will have an annual output 

capacity of 550,000 kilowatts-hours. 


THERMAL POWER 


Haibowan Power Plant Phase 1 Construction 
Completed 


956B0028A Hohhot NEIMENGGU RIBAO 
in Chinese 27 Oct 94 p 1 


[Article by reporter Gao Ping [7559 1627]: “Phase 1 
— 18 
onths” 


[FBIS Translated Text] The construction of a modern power 
plant in Wuhai, located in western China, has been com- 
pleted in just 18 months. On 25 October, two 100-MW 
generating units at the Haibowan power plant stage | 
project and the associated power grid facilities were success- 
fully completed. The rapidity of the construction, the low 
cost and high quality of the project, and the high manage- 
ment standards, all were at the top nationwide for the 


regio Zhan (3769 0594}, Liu 
Zuohui [0491 0155 2585}, and Xia Ri [1115 2480}, as well 
as Zhang Cangong [1728 3503 0361] and Tu Ke [4499 
0344], were present at the ribbon-cutting ceremony. 


The Haibowan power plant is the first. electric power 
enterprise in the autonomous region to operate on the joint 
stock system. Its long-range planned total capacity is 18 
MW, making it a major component of Inner Mongolia’s 
resource conversion strategy of “making coal travel over- 
head,” as well as an important construction project of the 
region’s power industry for the eighth and ninth 5-year 
plans and a key project for the provision of electric power 
to Beijing. When the construction of the Haibowan power 
plant was undertaken, a reformed “new plant, new 
system” approach based on joint-stock ownership and 
group ownership was used. The capital construction was 

ormed under an expanded general contractor system 
in which the Haibowan Electric Power Contracting Cor- 
poration of Inner Mongolia was assigned the responsibility 
for quality management throughout the project so as to 
save on investments, improve 8* quality, and accel- 
erate progress on the project. Construction of the Hai- 
bowan stage | project was officially begun in April 1993, 
and through the vigorous united e ort of the construction 
units’ employees, a record of “commissioning the plant 
and reaching rated performance in the same year” was 
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requiremen 
enlightened work, full use has been made of the joint-stock 
enterprise effect; with one-third of the staff drawn from 
plants of the same capacity, profits of more 
than 20 million yuan and a labor productivity of more than 


Deputy secretary of the autonomous region party com- 
mittee Wang Ziian gave a speech at the victory meeting 
celebrating the completion of construction. He said that 
tho sapid teangietion ond epmmetenioning of tage 1 of the 
Haibowan power plant and its rapid attainment of rated 
performance prove that the quality, technological capabil- 
ities, and management standards of Inner Mongolia’s 
power industry construction organizations have made 
inspiring progress beyond the base that was already in 
existence nod the that it represents a crystallization of the 
efforts of the power industry workers throughout the 
autonomous region to make reform more thorough, to 
accelerate development, and to persevere for success. He 
stated that the use of the reformed “new plant, new 
system” approach, combined with a bold search for inno- 
vation, had provided valuable experience for the region’s 
development, construction, reform, and opening to the 
outside and had clearly demonstrated the vigor and supe- 
riority of running enterprises as corporations, making the 
corporations into group operations, group opera- 
tions on a joint stock basis, and using a diversified joint 


. : 
effort, and forge ahead in the great effort to develop Inner 
Mongolia and make it prosper. 


Waigaoqiao Power Piant To Begin Generating 
Electricity 


956B0042A Shanghai WEN HUI BAO 
in Chinese 17 Nov 94 p I 


[Article by intern Cai Wenke [5591 7036 1356] and 
reporter Chen Libing [7115 2621 0393]} 


[FBIS Translated Text] No. 1 unit of the Waigaogiao 
power plant, one of Shanghai’s ten major key national 
projects for 1994, Sep een SHES Ce 
testing of its components. 


Four 300MW units will be installed in the Ist-stage con- 
struction of the Waigaogiao power plant. Over 5,000 
electric power construction workers have been engaged in 
the project since construction began on 15 October 1992, 
and it is expected that the construction period will be 


of 
stages of construction, which will lift the total capacity of 
the power plant up to as high as 5,000MW and make it one 
of the largest thermal power plants in the Far East. It will 
be a modern power plant with world)class technology, and 
an standout project in China’s electric power system. 
Work on the No. 2 and No. 3 units is now in high gear and 
they are expected to go into operation in 1995. 
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Coal Will Feed Huge Demand for Power 


40101010A Beijing CHINA DAILY [BUSINESS 
WEEKLY] in English 12 Dec 94 p 


[Article by Wu Yunhe] 

{[FBIS Transcribed Text] China is hammering out a 
programme to intensity both its coal produc- 

tion and electricity generation. 

To cope with spi the country is 


casting capestty wo ineseane 


COAL 33 


They added that eastern and central areas should maintain 
current levels of coal production, and the western part 
should increase production of the bulky com- 
modity in the years to come. 

But southern coastal areas, however, should be encouraged 
to import coal from abroad to feed hyper-expanding 
demand and shortages in local supply. 

China is now taking steps to streamline the nation’s coal 
mines and make them adjust to the new market order. 
“After two years of struggle, China’s coal industry has 
reduced its deficits and begun to adjust itself to the market 
economy,” said Wang Senhao, Minister of Coal Industry. 
In 1993, the ministry set a goal to turn around the industry 
from an across-the-board loss-making to a profit-making 
one within three years. 

Together with staff cuts and diversified business, the 
mines have utilized more scientific practices to raise 
efficiency and capacity. 

The ministry also hopes to lure more foreign investment to 
the sector, es Oey See & 
foreign investors in the coal industry and holding an 
international bidding fair soon. It is also delegating export 
rights to enterprises in an attempt to expand coal exports. 
State coal mines should continue to speed the process of 
shedding unnecessary hee ae and develop service 
i to provide alternative work 
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946B0179A Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 6 Aug 94 p I 


[Article by reporter Wang Jiannong [3769 1696 6593): 
Discover 


“Chinese Scientists First Abiogenic Natural Gas 
Pool”) 

[FBIS Translated Text] Wang Xianbin [3769 0341 ab 
and his colleagues at the Lanzhou 


CAR, 0 cate bay eharstery in the — — 


oe 


tries, i ing Wang Xianbin, have found ic nat- 
ural gas on mid-oceanic ridges and in zones at 
the margins of colliding plates, the amounts were so small 


that scientists were increasingly inclined to treat the exist- 
ence of abiogenic natural gas pools as merely theoretical. 


Large-Scale Exploration in Taklimakan Yields 

946B0179B Urumqi XINJIANG RIBAO 

in Chinese 29 Jul 94 p I 

weg hy reporter Li Dadong 7812 1129 2639}: “Large- 

: — in the Bears Abundant 
ruit 
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Geological 
Ministry of Petroleum, went to 
the Taklimakan region to take on the heavy task of finding 
a reserve petroleum supply for China. 

Preliminary statistics show that the petroleum geologists 
have performed two-dimensional seismic surveying on 

profiles with a total length of more than 160,000 km, 
three-dimensional seismic surveying in an area of 1,800 
files with 2 total length of more than 30,000 km, have set 


formed 1:25,000 scale aeromagnetic surveys of the desert, 
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and stratum 300 m thick was later found at 

Yi located a high-productivity 
of oil and gas in a stratum at a depth 

of 5,391 m, providing ific well-siting data for the 

main force. 

Total Crade Oil Outpet Update 

956B0030A Beijing RENMIN RIBAO OVERSEAS 

EDITION in 13 Oct 94 p I 


[Article by reporter Gao Xinghua [7559 5281 5478] 
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over 14 million tons, fulfilling 74 
percent of the planned annual export of 19 million tons. 
Meanwhile, total investments in the Chinese on-shore oil 
industry increased by more than 35 billion Yuan, and the 
annual crude oil production capability grew by more than 


7 million tons. 

Natural Gas Reserves of Shaan-Gan-Ning Basin 
Verified 

956B0030B RENMIN RIBAO OVERSEAS 
EDITION in 31 Oct 94 pI 


icle by reporters Gao Xi [7559 5281 $478] and 
Baoping [2806 0202 1627] 


peg Text] Xi'an, 29 Oct (XINHUA)}— 
gas reserves ing to over 200 billion cubic 
meters have been verified in the Shaan-Gan-Ning Basin 


field, ing it China’s largest accessible on-shore gas 
freld, and ranking it among the 115 oil fields in the world 
with reserves upwards of 100 billion cubic meters. 
Experts say that this gas field is located in a singular 
pressure system covering a large area of mainly low- 
oe Se SS epent oo 5 oe eoaly 


ing Bureau is engaged 
i gas areas throughout the 
basin and peripheral area, and are ing to raise the 
confirmed volume of reserves to over billion cubic 
meters by end of century and secure a natural gas produc- 
tion capability of 5 billion cubic meters per year. 

Two New Oil Fields Discovered in Junggar Basin 


956B0030C Urmugi XINJIANG RIBAO in Chinese 
24 Oct 94 pl 


[Article by reporter Liu Feng [0491 2800) 
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OIL AND GAS 
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Curtain Rising om Second Phase of Qinshan — 
by reporter Han 


Neclear Power Plant Project 
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956B0029A yoy yy RIBAO OVERSEAS 
EDITION in 18 Oct 94 p I 
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3 March 1995 ALTERNATIVE ENERGY ” 
cents. The cost of power generation generator is these residences are getting lower and lower, it will become 
very hi when power consumption ow. The concn eaetieT es ands & tote daeedeanaee 

sources are cheaper than diesel generated when the ln recent years, while attention is being paid to providing 
consumption is less than 5, Wh. Therefore, solar power in the remote countryside around the worid, the 


suited to the concentrator-t photoelectric r 
the SSPS for resi use outlasts the others. 
is is because the SSPS is a of the family's 


satisfying results and experiences. 
\ Proptems Eaceentered ip Electricity to 
© emamtry abde 
Currently there are i 120 million people in 


China living in areas any electricity, and there are 
80 million poor people in China. In fact, 
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ing 
of Electrical Power (the Ministry of Energy Resources or 
the Ministry of Water Resources and Power Industry), the 
iculture and the State Science and Tech- 


scale hydropower, wind power, photoelectric and other 
combination systems) to the remote countryside has been 
tried and demonstrated, and considerable amounts of 
funding have been allocated for the programs. 


During 1988 to 1994, the United Nations implemented a 
project called “Development of Photoelectric Technology 
in the Western Part of China” in the four western provin- 
cial districts in China. At the later stage of the project, the 
U.S. Photoelectric Foundation also funded promoting the 
use of SSPSs in the impoverished area of Gansu Province. 
Not only do these types of work advance our level of 
research and the quality of the photovoltaic system, they 
Coo eanante cw Nass & precene sien t Sp 
remote countryside and in the production of photovoltaic 
power sources. 


Nevertheless, all the studies and efforts in the past have 
not contributed to a completed successful experience in the 
issue of providing electricity for the remote countryside. 
Some of the existing successful methods are still deficient. 
Therefore, it is necessary (for us] to explore deeply the 
economical, political, technical and operational aspects so 
as to expedite the process of providing electricity to the 
remote countryside in our country. 
From a ic point of view, the economy in the 
region of Chin is relatively behind. In recent 


and we have to understand and resol 
problems. 
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a Offices under the Hate Connell (Canes rete 
exi Passage, Dingxi District ingxiaxihaigu District 
have worked on the electrification plan for the remote 
countryside. However, several ministries wanted to 
administer, and some of them were but the 


logical. In order to administer the 
financial activities, it is better to form a non-profit (or 
small-profit, amount of profit must be specified) organiza- 
tion (may also be called a foundation, an association or a 
development bank). The State will allocate a certain 
amount of funding and designate a certain goal and 
responsibility to the organization so as to warrant that the 
development plan for providing power to the remote 
countryside will proceed accordingly. 


5. Increase Investment and Offer Favorable Policy 


In recent years the total b from the central and local 
governments used in PV technology to provide power to 
the remote countryside has been relatively small. In order 
to expedite development in the remote and the poor areas, 
the State should increase the investment. Currently, the 
grid wire network can be expanded to resolve some 
of the probiems with the 120 million people living without 
oe ap —2* less — one third, or * million people 
y rely on photovoltaic power, this amount repre- 

sents 10 million households. 


In order to shift the enthusiasm from different sources and 
to promote the acceptance of photovoltaic power in the 
remote countryside, the following approach is recom- 


le from different places to request 
id from international organizations and 
foreign civilian izations. For those with foreign 
aid, domestic funding will be arranged with priority; 


(2) Encourage local governments to use PV technology to 


© 8 nee 2 ce 2 ioe Cae © ae 
and districts in the entire country, the ing shall be 
arranged appropriately and tilted towards the border 
districts, particu- 


offered to the production — PV power 
—5* If possible, the en and its 
be selected by bidding. (Staff Editor Liu Xianshu) 
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Li-Dan, Department of Power Mechanics ar 
neering, Harbin Institute of Technology, Harbin 150001} 
[FBIS Translated Text) 


Abstract In this article, the current status of the develop- 
ment and utilization of biomass is introduced, the current 
application status and —e trend of fluidized-bed 
combustion technology and fluidized-bed gasification 
jae for utilization of biomass materials are 
i Experiments and practice indicate that fluid- 
ized-bed technology is one of the most promising technol- 
ogics in the utilization of biomass energy. 
Biomass energy is a very important source of in the 
world. According to statistics, about one-seventh of the 
energy consumption in the world comes from the utiliza- 
tion of biomass energy from plants. China is a big agricul- 
tural country; there is a-great variety and large quantity of 
biomass materials generated in the agricultural and for- 
estry production process. These biomass products include 
rice husk, straw, corncob, saw dust, chopped wood pieces, 
bagasse, melon seed shells, coconut shells, palm tassels and 
dry branches of trees. Statistics indicate that the annual 
production of straw in China is approximately 450 million 
tons, which is equivalent to 180 million tons of standard 
coal; the annual production of rice husk is imately 
50 million tons, which is equivalent to 20 million tons of 
EE BS ee SEP es S Se ont 
of woods is approximately 24 million cubic meters, whi 
is equivalent to 1.5 million tons of standard coal. About 70 


it would be a significant contribution to expedite economic 
development in China. 
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It can be seen that developing a technology for the efficient 
utilization of biological waste would satisfy the growing 
comans of sive, etanuans Goveapment, Ut ont will it 
generate a significant economic it, but stan- 
S6 SPs S ES & ee ae SS Oey 


1. Fluidized-Bed Combustion Technology Utilizing 
Biomass 


idized medium so as to ensure the formation of a dense 
bed for stable combustion. The thermal energy stored in 
the dense bed is very high and the heat conduction is 
intense; therefore, it provides an excellent combustion 


condition for the biomass. For other biomass that is hard — 


JPRS-CST-95-003 
3 March 1995 


Sweden, for example, a country that uses a large amount of 
biomass energy; the use of biomass energy in Sweden is 
16.1 percent (reaching 55kWh) of the total power con- 


and chopped first, then are transferred to the 
thermal plant for burning in the fluidized-bed 
furnace. the fact that some of these fuels contain 


50 to 60 percent of water, the thermal efficiency of the 
furnace can still reach 80 percent. In the United States of 
America, the use of fluidized-bed combustion technology 


.5 to St/h, and the output of the furnace 
for supplying heat is 1.06x10’ to 1.32x10°kJ/h. That series 
of ve the following features: (1) No special 
preparation is required for biomass materials; (2) No 
Sre-Sapinag op seqeeree Sar Waneneen cantons Qaving 6 water 
content of less than 60 percent; (3) Desulfurization can be 
is provided to eliminate the heavy solid materials mixed 
with biomass materials; (5) Automatic operation; (6) Can 
be used to burn a wide variety of biomass—the furnaces 


iciency 

98.5 percent; (8) Low-temperature com 
temperature in the bed is 649 to 982°C; (9) 
The furnaces have good environmental protection fea- 


t of Chemical University of Jara- 
doga [transliteration term] in Spain, have carried out 


ts were per- 


of fluidized-bed 
burning biomass materials. The faculty of the Thermal 
T a research Panny de ony Bed 
ery ney A on a u 
ized-bed an, enya heme th 1991; two units of 
the equipment have produced by Changchun Furnace 


Factory and were sold to the Bayer Company of Germany. 
to Thailand and 
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ciency, air distribution to the furnace is 

an efficient combustion, the wear-ou ofthe bred pie 

being insignificant. The tem yo and quality of super- 

heated steam comply to uction requirements. 
t 83. a ine | i higher 

running t. This 

the “thermal effic the 60t/h 
percent which — of the furnace is 


Re ey economic and 
social benefit. 25* [the institute] has received sam- 
ples of palm uae from Mala a it intention 


nology of biomass materials. These tasks will 
promote he tiation of biomass energy wi he we of 
idized-bed combustion technology. 


2. Fluidized-Bed Gasification Technology 


One way to utilize biomass 
technology (thermal decom — of biomass materials. 
Through thermal chemical reaction in the gasification 
device, biomass energy can be converted into high-quality 
combustible gas for combustion, heating and drying in 
cities and towns as well as driving equipment in power 


However, we are still in the testing stage of the small-scale, 
single-unit operation, in addition, there is still room for 


improving the quality and production ty of the gas. 
Since the fluidized bed has a series of 142— 
sufficient mixing inside the bed, uniform and 
excellent thermal conductivity, it has a advan- 


tage in the gasification of biomass. Currently, research on 
biomass gasification technology using a circulating fluid- 
td bed on othe met port jt uso St 
work on 


2.1 Pressure- Circulating Fleidized-Bed Gasifica- 
tion Technology of 

Circulati idi ification —_——— © 
mass materials features higher gasification strength, higher 


—— geen 
(more stable) and lower content of tars. Therefore, every 
country pays attention to this issue. Sweden, the country 


rac ip me ag ification medium 
lating fluidized-bed 


within the ci (the furnace 
maintains a certain pressure), a high-tem ure combus- 
tion gas (with a certain thermal value) is generated. 
High can the quality and 
amount of combustion After the combustion 
gas is fed into the combustion 


plants by about — aon, the eiee of th 
suitable for lan 7 
for large-scale, continuous industrial 


is 
heat carrier and is fed into the dry distillation gas 

to heat up the biomass, allowing the biomass to release its 
volatile content and produce dry distillate J 
thermal value of more than 3,500 kcal/Nm’. 
Son D Wass & 8 ie tint Sr Se ey. In addi 


electrical power. By this process, three types of 
— - wt LH, LL, 


can be jointly produced from one system. 
nanograms and 
electrical utilizing biomass can be on 


higher volatile content will be used for the production of 
combustible gas. The circulating fluidized bed may be used 
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3 Concteston 
The development and utilization of biomass energy have a 
i meaning in relieving the | demand, pro- 
moting the economic t in and towns 
and ing the ! i Experiments 
and practice show that application of fluidized-bed 
in biomass combustion and gasification has 
generated satisfactory results. The flui tech- 
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